
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



r 




%• 




ETJDIMENTAET TKEA.TISE ON GALVANISM 

AND 

THE GENERAL PRINCIPLES 

OP 

ANIMAL AND YOLTAIC ELECTRICITY. 



RUDIMENTARY TREATISE ON GALYANISM, 



THE GENERAL PEINCIPLES 



ANIMAL AND VOLTAIC ELECTEICITY, 



BRIEF NOTICES OF THE PURPOSES TO WHICH IT 
HAS BEEN APPLIED. 



SIE WILLIAM SNOW HAEEIS, F.E.S., &o., 

Author of Budimentaiy Treatises on Electricity and Magnetism 
in this Series. 



WITH NUMEROUS ILLUSTRATIONS. 



LONDON : 
JOHN WEALE, 69, HIGH HOLBOEN. ^ 
1856. ff 

/^ ^. C. >^, 



^ 



\ I 



\Xi 



•Ti»: 



^ 




__:-i 



t 



BUDIMENTABT TKEATISE ON GALVANISM 



THE GENERAL PRINCIPLES 

ANIMAL AND TOLTAIC ELECTRICITY. 



ik^e 



NOTICE. 

3MPILERS OF THE SMALLER ENCYCLOPiEDIAS, AND SOME 
LP-DENOMINATED RBLiaiOUS PUBUCATION SOCIBTIBS. 

8 Work, entitled "Rudimentaby Treatise ox Oal- 
M," is registered copyright, and any infringement of it by 
era will be prosecuted, as provided by the Act of Parliament 

Protection of Literary Property. 



rjve^d' itself into a branch of Electri-^^ ^J^^ ....,,3 
on the anin^ frame have been shown^to a.^,,^ ^^ 
electrical powers obedient to certain ^ ^^ so fai 
reducible to the conditions of a sci^« '^^^^ ^^nge 
classify, and pursue systematicaUy ^ ^^^ ^ t\. 

interesting department of knowledge* '>^- 



v^<s^sij» 



VIU PREFACE. 

this Rudimentary Work. Being an Elementary Treatise, 
intended for the use of Students, it is necessarily simple in 
its scientific character, and must consequently be expected 
to contain much with which the scientific world is already 
familiar. The Author, however, is still disposed to believe, 
that, whilst carrying out the great purpose of these 
Rudimentary Treatises, viz., the diffusion of useful 
elementary learning, he has not altogether failed in 
treating the subject under an original form, or in the 
production of many new facts not before made public. 

It has been the Author's desire, so to treat and combine 
the various interesting questions which have arisen under 
the respective denominations of " Gralvanism,'' '' Animal,^' 
and " Voltaic Electricity,^' as not only to be of advantage 
to the student, but also to some extent useful to those 
advanced in a knowledge of general Physics, and so far to 
render the work not altogether unworthy of the attention 
of the scientific world generally. 
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CHAPTER I. 



Electrical Fish — First yiews of Animal Electricity — Discovery and theory 
of Galvani— Investigations and theory of Yolta — The Voltaic circle 
and Electro-motion — Electricity of contact — Electro-motive force and 
direction in the Voltaic circle — Various Electro-motive combinations of 
dry and moist Conductors — Current force. 

1. The faculty possessed bj a certain species of ray, a fiat 
fish, found on the shores of the Mediterranean, of commu- 
nicating a numbing sensation when handled by the fisher- 
man, or even at a distance, through the medium of their 
nets, has been circumstantially recorded by the Greek and 
Boman philosophers in the early periods of the history 
of science. This fish was called by the Greeks "Napioy," 
from Napxao), to "stupify;" it was termed by the Latins 
" Torpedo," from the verb " torpeo,'* to benumb : the pheno- 
mena were supposed to arise out of certain frigorific 
particles evolved by the fish.* It was not, however, until 

* Aristotle says, <<The torpedo conceals itself in sand and mud, and 
when fish approach which it would make its prey, it first benumbs them, and 
then devours them." He further adds, that '4t does not confine this infliction 
to its prey, but it is enabled to benumb even men." Plutarch also remarks 
that the power of the torpedo not only stiffens those who touch it^ but it 
even inflicts numbness on the hands of the captors through their nets. 
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2 EUDIMEKTABT GALVANISM. 

electricity had made some progress as a department 
of science, that this wonderful physiological phenomenon 
began to be at all understood We owe to the labours 
of Walsh, a British philosopher, who undertook the 
investigation of this subject in the year 1772, the first 
demonstration, by physical experiment, that the numbing 
sensation communicated by the ^torpedo is no other than 
a modification of the ordinary electrical shock, as previously 
conjectured by Dr. Bancroft.* Walsh's experiments made 
at the He of E^, at La Eochelle in France, in July, 1772, 
will be found in the 63rd vol. of the Phil. Transactions 
of the Eoyal- Society. He there shows, that not only the 
shock, but the numbing sensation which the animal some- 
times dispenses, expressed in IPrench by the words " enffour- 
dissementy^ and '^Jburmillement,*^ may be exactly imitated 
with the Leyden phial, by means of Lane's electrometer : f 
the regulating rod of which, to produce the latter effect, 
must be brought almost into contact with the prime con- 
ductor which joins the phial. He further refers this singular 
power of the torpedo to. a double sset of organs, under. the 
control of the animal, and shows that its upper and lower 
surfaces, viz., the back and breast, are in opposite states of 
electricity: when a conducting communication is established 
between these surfaces through the human body, a shock is 
felt similar to that of the I^yden jar. This shock is trans- 
mitted freely by conductors, and impeded by non-conductors 
of electricity. Cavendish, in 1776,J and Dr. 3>avy, at a 
more recent period, 1832; § have both confirmed Walsh's 

Plato, Pliny, Cicero, and other exninent philosophers of past times, all 
make mention of this cnrions fish. Alexander of Aphrodisias, Oppianns, 
and other of the more recent Qieek writers of the second centnry, speak of 
the torpedo, and say that ''it bennmhs or shocks the hody through a line 
or rod." Theophiastns states that the torpedo ''can send its shoek through 
barpoons'so as to produce torpor in those '^o liave them' in idieir bands.'* 

* Nat Hist, of €Kiiana, p. 194. t Bndiment. Elect, p. 103. 

t Phil. Trans, for 1776. § Phil. Trans. 1882, p. 274. 
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ezperimenis, -whilst Matteucci in our own time has obtained 
sparks from it ; no doubt therefore remains of .ike electrical 
numbing property of this^flpecies of ray. 

2. Beside the torpecb, we find some otbsr ^kinds of fish 
possessing a similar ipower. Amongst these, we hare to 
notice more espeeiallj a peculiar spedes (S fiwsh*water eel, 
ibund in the riyers of -Surinam and Sengal, and termed the 
ekotrical eel, or^mnotus electricus. A specimen of tiiis 
eel, more than thnee feet in length, was carefully preserved, 
between the years 1838 and 1842, in the apartmoits of the 
Adelaide GbUery, in London. Earaday, who subjected this 
wonderful fish to experiment, observed, that at tisie instant 
at whisdb it exerted its force, all the water and conducting 
matter surrounding the fish became filled with electricity, «o 
that almost any number of pe]:^oxis dipping their hands in 
the water of the tub in which the eel. swam, reoeived at the 
same moment a severe fih<»ck.* 

8. ;The extraordinary isunilty of these eleetrical fish, and 
which they exercise as Jua act of volilion, eannot but be con- 
sidered as one of the most engaging phenomena in electricity 
and physiology ; we here behold nervous power transformed, 
as it were, into electrical force, so far pointing to the con- 
clusion that all animals are mcse or less endowed with a 
species of nervous agency intimately oissociated with electrical 
action, — perhaps with vitality itself. The surprisiug discovery 
of the German and Dutch philosophers in I746,t by which 
we are enabled to subject the animal frame to a peculiar and 
numbing shock, is apparently another and very important 
Hnk in the chain of facts associating these two principles, 
and tending to connectstill more intimately electrical agency 
with. animal life. 

4. About the year l769,Jiot quite one half .a century after 
the brilliant discovery of the Ley den jar, Aloysii Ghalvani, 
a professor of Anatomy at Sologna, surprised the philo- 

* Exp. itesearohse (1784). f Budiment. Jffitoct, p. 73. (59.) 

B 2 



4 BrDIKElirTABY GALYAVIBM. 

sopbical world by a fiirtlier and most important advance 
in this department of physics. The attention of this 
celebrated anatomist was called to the fact, that the 
muscles and limbs of a frog recently dissected, became 
spasmodic and convulsed when exposed, under certain 
conditions, to the influence of sparks drawn from an 
electrical machine. As is not unfrequently the case, this 
phenomenon, so stupendous in its influence, in other 
hands, upon the future interests of mankind, was reallj 
accidentally observed ; so true it is, that in cultivating the 
field of science, what we And is often more valuable than 
that which we seek. One of the professor's assistants 
happened, as it appears, to touch with the point of a 
scalpel the crural nerve of a frog recently dissected, just 
at the moment of the excitation of an electrical machine, 
preparing in the same apartment for experiment: imme- 
diately the whole limb of the animal became convulsed. 
Madame Qtilvani, an intelligent lady, being present, and 
for whose medical diet, it is said, the frogs were in- 
tended, directed her attention to the circumstance, and 
further observed that the convulsive movements invariably 
occurred at the instant sparks were being drawn from the 
conductor of the machine ; of this fact she ran to inform 
her husband, who speedily convinced himself of the 
accuracy of her observation; and immediately commenced 
a laborious examination of the causes of the phenomenon. 
After repeating and varying the experiment in a most 
elaborate way, he announced to the scientific world, 
his conviction of the discovery of an "animal electricity," 
properly so called — or, in other words, that all animals 
are endowed with an inherent constitutional electricity, 
secreted by the brain and distributed through the nervous 
system, the principal reservoirs being the muscles, and each 
muscular fibre a sort of Leyden jar.* Although this 

* J>e viribus eleciricitatis in mota mnsculari commeutarius. Bologna, 1791. 
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extraordinary announcement was clearly a piece of pure, 
nnsubstantiated hypothesis, yet was it receiyed with 
enthusiasm throughout Italy. 

5. The following are some of the leading and elementary 
experiments upon which Ghilvani based his very plausible 
and engaging theory — a theory which fascinated and led 
away captive the Italian physiologists of the day, and 
brought the dictates of the mind and the power of thought 
under the dominion of an electrical vitality, operating upon 
the whole animal economy by means of the organs of the 
brain, and the nervous system generally ; here then was the 
real " nervous fluid," to which hitherto they had ascribed 
the phenomena of animal life. 

Sxp. 1. In the annexed fig. 1, we have Fig. 1. 

a diagram of the dissected frog, as pre- 
pared by Galvani. The head and upper 
extremities are cut away, and the skin 
removed irom the lower extremities; s 
is a remaining portion of the vertebwB 
of the spine ; n n, the exposed nerves by 
which it is attached to the thighs and 
legs; p is a conductor either connected 
with or near the spinal nerves n n ; and 
K another conductor, either connected 
with or near the muscles t. 

Spasmodic contractions take place in the muscles of the 
lower extremities, t, and lively movements in the legs, 
whenever sparks from the electrical machine pass between 
the conductors p n, and intermediate muscular parts of 
the frog. 

Similar spasmodic movements and convulsions ensue on 
drawing sparks from the conductor of the machine, at a 
distance from the conductors p n. 

Galvani called the conductor p, in communication with 
the nerves n n, or near them, the nerve conductor, and the 
conductor ir, the muscular conductor. It was found- 
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desirable to connect the muscular conductor ir with the 
earth ; it ia under these circumstances that the legs t eyinca 
the most lively motions. 

Escp. 2. Instead, of merelj touching or directing Idie 
conductors p k towards tiie exposed nerves and muscles^ 
let the nerves be coated with a metal, or placed in com- 
plete contact with it, and another coating or contact of a: 
different metal be given to the muscles ; convulsive move- 
ments occur whenever the two metallic coatings are joined 
by a third metallic substance, without any aid from artifictai 
electricity, as in the laat experiment. Let for example, 
s a, fig. 2, be the exposed nerves, lead- 
^* "* ing to the lower extremity, and which have 

been enveloped in a leaf of silver, s a. Let 
the muscles of the thighs repose on a plate 
of zinc, z\ whea a metallic wire ah \a made 
to join the silver and zinc, all the lower 
extremities of the fcog become convulaed; 
To use Galvani's own description: "If," 
says he, " you lay bare the sciatic nerve* of 
a frog, remove the integument, aaid place the 
nerve on a piece of zinc ; and if further you. 
place a muscle on a piece of gold, and then connect these 
different metals by any conducting substance, contractions 
are immediately produced. If, however, non-conductors are 
used to connect the metals, contractions are not excited." 

6. Gklvani was led to this new discovery by tiie mere 
accident of suspending his prepared frogs from the iron 
balcony of his terrace, by means of a metallic hook passed 
through parts of the dorsal column. He found convulsive 
contractions in the limbs, whenever the muscles came in 
contact with the iron, or the feet touched the balcony. 
His explanation of this phenomenon was, that the animal 
electricity of the frog is decomposed at the junction of the 
nerves and muscleSj that the positive electricity goes to the 
nerves, and the negative electricity to the muscles ; that in 
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fiiet. there is virhiallj electrical discharge, similar in kind 
but difS^ring: in degree, to that of the electrical jar, the 
nenra and muscle being representative of the metallic 
coating on the glas& 

Mvp. 3. The nerves being cut off close to the spine, they 
are gentlj raised up on a thread of glass, and let down 
on one of the exposed muscles of the thigh. Bj this 
contact the limb becomes convulsed. In this experiment, 
we perceive muscular contractions arise, similar to those 
described Ua^, 1^ without the aid either of artificial 
electricity or simple metaUic combination, but b j the mere 
contact of different parts- of the same animal ; a result which 
went still further to confirm G^vani's hypothesis of a true 
animal electricity. This supposed animal electricity, Galvani 
further traced to all cold-blooded animals, and finally to 
warm-blooded animals ; and he. endeavoured to show that 
continual streams of electricity flow from one part of a 
living* organised being: to anoUier, so long as a remnant of 
vatality remains. Cold-blooded animals^ such as frogs and 
firii^ retain the power of. convulsive movement after death 
longer than others. 

Such are the leading elementary ^cperiments upon 
which the very engaging doctrine of animal electricity ia 
founded, as taught by Galvani; and although the attention 
of this distinguished anatomisfc and philosopher had been so 
little directed to the operationsr of eleetrieal power, a» to 
lead him to pass by the true source of the results to be 
obtained, still we cannot but< admire the singular andunwea- 
ried ability with which he pursued his repeated inquiries, 
and hit- extraordinary faculty of perception in treating the 
several phenomena asb thay sprang up from time to time 
under his hands. 

7. Gkdvani's theory of " astimal electricity," and to which 
he always adhered, although, as already observed, at fir^ 
received with much enthusiasm, did not continue to carry 
omviction to the minds of. many eminent philosophers^, 
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more intimately acquainted with tbe nature of electrical 
action. Amongst these was the celebrated Volta, Profesaor 
of natural philosophy at Pavia, who carefully investigated 
Grulvani*s recent discoTeries; and notwithstanding that at 
first he was disposed to adopt Gklvani's views, he found 
himself obliged eventually to abandon them as being un- 
tenable upon the principles of sound inductive science. 
Volta may be considered as the giant corrector and inves- 
tigator of all Galvani had accomplished, and as having 
given, by his magnificent inventive power and independence 
of philosophical thought, an impetus to this branch of 
physics, such as must ever immortalise his name. His 
electro-motive pile, as he himself considered it (27), is a 
piece of electrical apparatus, from which all the great dis- 
coveries of modem times have emanated, and with which the 
scientific world is now so familiar. But for this apparatus, 
we might still have remained in ignorance of the chemical 
constitution of the alkalis and numerous other substances, 
those most astonishing transmissions of thought by tele- 
graphic wires would probably have never arisen, nor should 
we have been in a position to estimate with any degree of 
probability the intimate relation subsisting between the 
agencies of electricity and magnetism. 

8. On repeating the galvanic experiments just described, 
Volta is led to remark, that had Gralvani been aware of the 
power of electrical sparks to excite muscular contractions, he 
would not have been so greatly astonished at the phenomenon 
he first observed (4). The dissected frog was really under 
the influence of electricity, induced in the surrounding matter 
by the operation of the electrical machine. To comprehend 
this fully, the student has only to refer to our Eudimentary 
Electricity (20), where the nature of what has been termed 
" electrical induction " is fully explained. It may, however, 
still be desirable to illustrate the nature of the inductive 
action operative in this particular case. The annexed fig. 8 
represents an electrical arrangement calculated to detect the 
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inductiye action of free electricitj operating at a distance. 
Let A represent about five square inches of coated glass,* 
mounted on an insulator, h, and placed between two 
horizontal wires, ah, cd, also insulated, and terminating in 
minute brass balls, two of • 
which, h c, are brought very- 
near the coating on opposite 
sides of the glass ; n a and p d 
are conducting wires, connect- 
ing the horizontal wires with 
the floor, or table, or the wall, 
in some point of a room distant 
from an electrical machine 
in action. When powerful 

sparks are taken from the conductor of the machine, minute 
streams of electricity will appear to pass between the balls, 
c h, and the near coating of the glass, so that after a short 
time the coated glass will have received a weak charge. If 
we now turn the glass aside, bj means of a hinge joint at h, 
we may examine the electricity of the coatings by an ordi- 
nary electrometer, and thus detect the electrical state of the 
apartmemt in the point of the room in which the apparatus 
has been placed.t Now, the glass a is placed precisely 
under the same conditions as those of the frog in Galvani's 
laboratory ; and since the frog is highly sensitive of electrical 
irritation, we here see demonstratively the immediate source 
of the muscular contractions. It w^as not, therefore, so 
immediately from the first observation and experiment of 
Galvani (4) that our present extended knowledge of the 
laws and operation of electricity as a great natural agency 
has been derived ; it is rather to his second experiment (5), 



* Coated glass. See Rud. Elect. (64). 

+ We are indebted to Mr. J. N. Hearder, of Plymouth, Lecturer on 
Natural Philosophy, for this ingenious experiment. He employs generally 
a small Leyd^n jar, well insulated, or an electrometer and condenser. The 
plates of the latter are a substitute for the coated glass. 

B 3 
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in which he obtained muscular contractions by metallic 
contact, without the aid of common electricity, that we owf> 
the astonishing results of modern researches in this^ branck 
of science. In fact, the passage of a very small quantity of 
ordinary electricity through the nerves of any animal is 
generally productive of tremulous muscular motion and 
spasmodic contractions, and this occurs not only in living - 
animals, but in animals recently killed. Cold-blooded ani- 
mals, such as frogs and fish, are the most sensitive of electrical 
irritation, and they retain this sensitive property a long 
time after death. The lizard, also, is especially sensible of 
weak electrical action. 

9. On repeatiug- Ghalvani's experiment, Volta first endea- 
voured to ascertain what was the least electrical force ot* 
which the frog- was sensible, either in perfect life, or as pre^ 
pared by~ Galvani after recent death, and he found it oon^ 
vulsed by the action of a small electrical jar so weakhfr 
charged as not to affect a delicate straw electrometer. 
Convulsions were obtained in a dissected frog by a jar^ the 
charge of which did not affect his condenser.* So th»t in 
the frog, as prepared by Qtdvani (5), we have an electroscope 
of most extraordinary susceptibility. A farther critical 
examination of Galvani's second experiment (5) shows that' 
the contractions in the muscular fibre depend on a feeble 
action derived from the metals with which the nerves and 
muscles are brought into contact ; a discovery which led to a 
new law of electricity, altogether independent of Galvani's 
animal electricity, and which Yolta thus briefly stated. 

10. The contact of different conducting substances, espe^ 
cially of metals, disturbs the existing state or distribution of 
the electricity found in the constitution of every kind of 
substance, and gives it a sort of impulse or tendency to move 
in a certain direction. This impulse is different in the con- 
tact of different bodies. Take, for example, three conducting 

♦ "Condenser," Rod. Blecfe. (42). 
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substaQces^ Jl b c. The impitltiYe power is different in 
amount: when conductor ▲ is brought to touch conduotoKB^ 
tiian when placed in. oontaot with conductor a. It is to 
be here remarked, that 1^ development of electricity by the 
contact of different, metals,, had been already announced by 
Bennett^ who termed it. ''adhesive electricity/' and Bup«> 
posed it to reside in all conducting substances** The 
theory of a flow of electricity by contact, however, is due to 
Volta. 

JS-ow it is this spontaneous electricity,, arising &om tilie 
disturbedelectrical state of the metab by their contact, which 
causes^ according to Yoltav the muscular convulsions of the 
dissected frog, as observed in Ghilvani's second experi^ 
ment (6). Q-alvani's liird. experiment (6) may be rfiown 
to depend on a similar cause, substituting moist for dry; 
metallie conductors* The following experiments are suffix 
cieniiy illustrative of this sort, of electrical action^ 

Uap, 4 A small: leaf of. tin is fixed by paste to the back 
of a living frog, and a.piecaof nlver plate is applied undw 
tixe Hiighs, so as to admit of! gliding the plate along the 
animal, under gentle* piessurej. until it, comes in contact 
with.l^e leaf of tin on l^ebaek. Direcldy the silver touches 
the tin the frog^ beceme& convulsed, and i^asmodie oontracr 
tions. of the muscles instantly arise. 

JSkop, 5. The isohiatic nerve of a dog or lamb being exposed 
just below^ its insertion; in the- tiiigh, convulsive motions 
aribse on placing two pieeea of metal on the nerve, at a short 
distance from each oHier, and iiien uniting them in conduct- 
ing contact, through the medium od&a metallic wire or arc, as 
represmted'in ^g. %,. 

11. Yoltacrepeated and. varied this kind of experiment in 
different ways, and extended it to lizards, salamanders, ser- 
pents, turtles, various kinds or fish, quadrupeds, and birds, 
and always with the same result. Kot only were the results 

* New BxperimentB on Electricity, by the Rev. A. Bennet, F.E^S; : Ti 
Drewry, Derby, 1789. ^ 
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certain in operating upon entire animals, but also upon por- 
tions of animals. In some cases, a grain of gold was sufficient 
to elicit electrical impulse through the nerre. He did not 
succeed with snails, slugs, ojsters, and certain species of ca* 
terpillars, but he obtained muscular contractions in beetles^ 
grasshoppers, butterflies, and common flies ; also in lobsters. 

An electrical discharge from nerve to muscle, or muscle 
to nerve, is not at all essential to the success of the experi- 
ment ; hence the analogy of Gralvani between the nerve and 
muscle, and the coatings of the electrical jar (4), is untenable. 
It further appeared that the muscles of animals under the 
control of the will were those principally affected by this 
species of metallic electricity. Muscles, such as the heart, 
not under the control of the animal, were found very slow, 
if not altogether insensible, to the electrical disturbance. 
In any case it is not by irritating the muscle, but by stimu- 
lating the neves, that spasmodic contractions are produced.* 

12. The substances we term conductors of electricity, and 
by the aid of which spasmodic and convulsive motions are 
thus excited in living animal bodies, have been divided into 
two classes, distinguished principally by the terms Dry and 
Moist. I>ry conductors are : all the metals, charcoal, pyrites, 
and other minerals ; Moi%t conductors are : water, vegetable, 
and mineral acids, saline and other fluids. Simple contact be- 
tween combinations of conductors of each class gives rise to 
what has been called electro-motive force, produced by dis- 
turbing and impelling in a given direction the natural electri- 
city which the substances are supposed to contain. The most 
simple and effective arrangement is a triangular series of 
three conductors, differing in kind and degree of power. We 
either put a dry conductor between two moist conductors, or 

* Galvani himself appears to have entertained at first some idea of 
a metallic electricity. He was certainly not altogether ignorant of it, as 
appears by the following notice, written in his own hand on the cover of a 
mannscript journal, date 1786 : <* Experimenta circa TElectricit^ di 
Metalla." 
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a moist conductor between two dry conductors, the two moist 
or dry conductors being different substances, or otherwise 
three moist conductors differing essentially in kind are 
associated. We have in either case, according to Volta, 
a sort of electro-motive circulation through the system, 
by an impulsion either to the right or to the left, 
according to the nature of the combination and the par- 
ticular substances in contact. The following diagrams 
are intended to designate these elementary combinations, 
the dry conductors being represented by a lozenge-shaped 
figure, the moist conductors by a curvilinear figure. 




Eig. 4, for example, designates a voltaic combination of 
two first-class and one second class conductor. In fig. 5 
we have a combination of two second-class conductors with 
one first-class. Eig. 6 represents a combination of three 
moist conductors only. The first arrangement (fig. 4) is 
the most powerful, the last (fig. 6) the least powerful. In 
either case we obtain, on Volta's hypothesis, a sort of 
electrical circulation. The series has been hence consi- 
dered as circular, and the arrangement has been hence 
termed a voltaic circle, sometimes a galvanic circle. 

13. We may in these combinations either consider the 
contact of the two first class conductors (fig. 4) as the source 
of the electro-motion, or otherwise the contact of the first 
and second-class conductors (fig. 4 and 5) as the source of 
it ; or, we may refer the electro-motion to the contact of 
three conductors of the second class, differing essentially in 
kind, as in fig. 6. In referring the electro-motion to the 
contact of conductors of the first and second-class in the 
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cambmation (fig. 4), wa liave two actions to coiuddeir — fos. 
example, at points, b and c^, whereas in referring the result to 
the simple contact of the metalft at^ point a, we have onlj one^ 
action to consider. YoUa was led finally to adopt this latter, 
view, and to consider the contact with the first and seeood*- 
class conductors at points b and c saof secondaiy moment^ 
and as: merely serring to transmit the disturbed electrioily 
of the metab. The combinations represented (figs. 5 aaid 6), 
howerer, in which dectn>-motion ensues without the presence 
of two metals, orwithout any metallic agency, throws serious: 
difficulty in the way of Yolta's conclusion. It is easy to see^ 
that ^g, 5 is really the converse of fig. 4, and that any hypo- 
thesis we invent must necessarily comprise both cases. Volta 
was obliged, therefore, to adopt eventually a more liberal 
generalisation, and to admit that electro-motion is excited 
by the mutual contact of conductors generally, whether fluid 
or solid.* So that Volta's hypothesis, as thus modified, is this 
— ^the contact of conductors generally is a source of electrical 
disturbance, but the disturbance is more especially the result 
of the contact of metallic bodies^ In some very valuable 
and recent modem experiments by Kwsten, the electro^ 
motive power of the -voltaic circle is traced to the contact of 
the dry and moist^ conductors* A metallic substance^ for 
example, when immersed in a liquid, becomes positively- 
electrified. If it be partially immersed, the parks acquire 
opposite electrical statesi Peclet also has shown that electro- 
motion may ensue either from the contact of two metals, or 
from the contact of metals with liquids, or from the contactr 
of liquids only. Finally, it may arise by the operation of 
these three causes; united.t 

14. Admitting tiieoe' views: of voltaic action, itbeeomos 
requisite to verify by experiment the great general principle 
upon which Volta bases his hypothesis^ viz., the development, 
of eleetricity by the mere contact of metals; and to furtiier 

♦ Phil. Trans, for 1800. 

f Beoqnerel, TraiU de TElediricit^ and ArcliiYeB of Electricit j, t. L 
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aseertain in what direction the impulse becomes directed, 
so a» to determine the precise course of the circuhition in 
the combinations indicated in figs. 4, 5, and 6. With this 
view Volta resorted to ttie following course of experiment— 
Exp, 6. Procure two flat dean circular discs of different 
metals, silver and zinc, or copper and zinc, about Pig. T. 
8 or 10 inches diameter. Insulate each on a 
slender and well-varnished rod of glass, as repre- 
sented in the annexed fig. 7. Apply their flat 
surfaces to each other with very gentle pressure, 
holding each plate by its insulating handle. 
Separate the two discs, after contact, by a 
dexterous, simultaneous, and parallel movement 
one &om the other, and then apply either of them 
to an extremely delicate electroscope. Both will evince f&gOM 
of free electricity. The single gold-leal 
electroscope, fig. 8, is well adapted to 
this experimental purpose. One of the. 
discs should be applied to the leaf throu^ 
the plate ^, the other to the fixed bail 
through n. Proceed now to test the 
quality of the electricity by means of the 
double leaf electroscope, fig. 9, slightly 




Fig. 9. 



charged with vitreous^ electricity; it will 
be found that the silver or copper plate 
tends to decrease the divergence, and the 
zinc plate to increase the divergence of the 
leaver The reverse of tiiis occurs if the 
electrometer be weaMy charged with re- 
sinous electricity. The conclusion, th^e- 
fore, is, that the zine has been positively 
electrified by i^e contact, and the copper 
negatively, so that some electricily must 
hafv« flbwed from the copper or silver plate 
upon the zinc plate.** 

* For edngle and double electroscope see Bud. Elect., Oliap. iii. 
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Yolta coDceives that the metallic discs employed in this 
experiment are not only motors of electricity, but that in 
bringing their extensive surfaces together, they further 
operate as condensers. He did not find it requisite to 
make a perfect contact in every part ; provided the metals 
touched in a few points it was sufficient. 

15. The preceding experiment requires extreme delicacy 
of manipulation; it is not always at the command of 
the student, beside that the electrical indication is very 
small. It is hence desirable to multiply the effect so far as 
possible by the aid of the condenser. The following is the 
experiment as carried out by Yolta. 

Exp, 7. In the preceding, fig. 9, e is a very delicate 
electroscope of divergence, m and h two light circular con- 
ducting discs, one m, placed on the cap of the electroscope^ 
the other A, having an insulating handle q, is superposed 
upon this ; the discs are preserved at a very small distance 
fix)m each other by any intermediate non-conducting 
substance ; such, for example, as a spot or two of sealing- 
wax on the lower plate. 

The electroscope being thus arranged, we bring the metal- 
lic plates (fig. 7) into contact as before, and after separating 
them, touch the condensing plates m h, one with the zinc disc, 
the other with the copper, repeat this process ten or twelve 
times, then raise the plate h by its insulating handle ^, and 
the electroscope e will diverge with positive or negative elec- 
tricity, according to the particular metal disc applied to the 
plate m. Thus zinc will give positive, and copper negative, 
electricity. The single leaf electroscope just adverted to 
(fig. 8) may be employed with advantage in conjunction 
with condensers, one in communication with the plate p^ 
another with the rod n. The electricity of the copper and 
zinc plates would be thus freely developed at the same time. 
In this way it may be shown, experimentally, that any two 
disimilar metals evince electrical signs after contact and 
Reparation. 
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The following are interesting modifications of Volta's 
original experiments just quoted, Exp, 6 and 7 : — 

Let the condensing and collecting plates h m (Exp, 7, 
fig- 9)> he two zinc plates. Touch the lower plate m with 
a copper plate held in one hand, and the zinc plate h 
at the same time with a finger of the other hand ; now pro- 
ceed to raise' the upper plate h bj its insulating handle z, 
and the electroscope, if sufficiently delicate, will diverge 
with positive electricity. 

Positive electricity, therefore, has flowed from the copper 
upon the zinc. 

Let the condensing and collecting plates m ^ be now 
two copper plates. Toucb the lower plate in this case with 
a zinc plate, and the upper plate with the finger as before ; 
raise now the upper plate A, and the electroscope will diverge 
with negative electricity. 

Negative electricity, therefore, maybe said to have passed 
from the zinc upon the copper, or we may imagine that posi- 
tive electricity has flowed from the copper as before.* 

16. The order of the respective electro-motive energies 
of various metals amongst each other as determined by 
Yolta is: silver, copper, iron, tin, lead, zinc; that is to 
say, silver would cause electricity to move toward copper, 
and the metals which follow it; copper, toward iron, 
and the following metals; iron toward tin, and so on. 
And since silver is found at one extreme of the series 
and zinc at the other, the most powerful impulse would 
be between silver and zinc, after this between copper 
and zinc. An extensive table of this kind may be formed 
including other metals — pyrites and charcoal — by which we 
arrive at still more powerful combinations. The following 
order or series has been deduced by Feclet, in which each 
metal is positive with respect to those which follow, being 
in reverse order to the preceding. 

* For other forms of these experiments, see (55) chap. iii. ^ 



Zinc, lead, tin, bismuth^ antimony, iron, copper, gold. 
In tills series zinc takes electricity £rom lead, lead from tin, 
tin from bismuth, and so on. 

IT, The great theoretical assumption upon which all this 
rests, is, that the agency we term electricity is distributed 
in bodies throughout the material world in quantities pro- 
portionate to their attractions for it, called' by Peltier 
inherent specific capacity ; so that different substances axe 
said to have different electrical capacities. Now, when two 
metals ^e brought into contaet, their respective attractions 
for electricity are changed ; one can contain more, the other 
not so much a& in its previous state: — hence a new distribu- 
tion of the electricity natural to the two metab ensues. 
When we separate or withdraw the bodies from each other's, 
influence, we restore Idie previous, attractions of each, whilst 
the new distribution remains ; consequently one will appear, 
to be electrified positively or to be overcharged, the other 
negatively or to be undercharged. 

This understood, l&t us now see, upon this hypothesis^ 
whst: would be the direction in which the electricity would 
circulate in a combination, of two first-class and one: 
soBOBd-dass conductor, as: represented in fig. 4. la the 
annexed fig. 10, let: z; be a. plate of zinc, and o a plate o£ 
copper, and let w be a fluid conductor 
in. combination with these metals, the 
three bodies touching in pointsc a, &, c 
Then, since the zinc z takes electricity 
from the copper o (14), we obtain: 
electro-motion in direction a, 5, a; so 
that the circulation through the fluid,. 
w>^or' second-class oondiiietor, would be from the zinc toward, 
the copper, and in. the reverse direction above at the point 
of contact a. Tolta did not And it requisite to bring^the 
two first-class conductors into immediate contact at point.a; 
it was sufl&cient if they touched through the medium of a 
metallic arc, as in Sxp. 2 (5). 
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This source of electrical distarbaiice would necessarily 
determiue the direction of the circulation without any refe- 
rence to any minor action at the points h and c. 

We determine the direction for the case of two conductors 
of the second chuss with one of the first, as represented in 
fig. 6, much in the same way ; it being now admitted that 
these phenomena may result not only from the contact o£ 
metals solely, but from the contact of metals with liquids, . 
or fro^i the contact of liquids themselves ; and this may be. 
extended to fluids and even to gaseous substances. 

IB. We may readily conceive the second-class conductor 
w in the above flg. 10, to be the prepared frog of Galvanic 
and z c the metals with which different portions of it 
were coated or placed in contact (5). Whilst in the arrange- 
ment with two second-class conductors (12) (fig. 5), we can. 
understand the two second-class conductors to be different 
portions of the same frog joined by a metallic arc, or ficst- 
dasfr conductor. In either case electro-motion through the- 
animal ensues. The third weak combination (12) (fig. 6) majr 
be taken to represent three different portions of a prepared 
itog ; the leg, the muscles: of Idie back or ischiatic nerves^, 
and the blood or viscous fluidft. Here then is Yolta's replyr 
to the objection that muscular contractions may be excited 
without the presence of metals; it is, therefore, an exp 
planation of the experiments (6), Uxp. 3. It is hence so 
far demonstrable that the muscular spasms observed by 
Galvani do not arise from a communication of animal 
electricity between different parts of the frog proper to the 
animal itself, but from electro-motion set up by the contact 
of the metals or other, heterogeneous conductors employed 
in^ the experimenta> 

Yolta's explanation of the phenomenon of spasmodic 
contractions by the contact* of muscle and nerve of the 
frog, was simply this : that any two heterogeneous tissues, 
such as nerve and musde, with an interposed moist con* 
doctor, constitute an electrical circuit \ ^oA ^^doaXi vBki^^iM 
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case of contractions produced by the action of a single 
metal, he insisted on the fact, that slight differences in the 
condition of the metal itself were always present, and that 
these differences could always induce electro-motion. Thus 
he found, that when one extremity of a metallic rod was 
dipped in boiling water, the difference of temperature 
between that extremity and the opposite extremity of the 
rod was quite sufficient to cause the two ends to act as if 
consisting of different metals. Humboldt, in confirnvation 
of this view, inferred that homogeneous metals might become 
heterogeneous as regards electro-motion, by the operation 
of slight changes in polish, density, and temperature of 
their different parts. 

19. The following are practical illustrations of electro- 
motive force, by the combination of first and second-class 
conductors. 

Exp. 8. Fill a tin or silver cup with plain water, and 
place the cup on a zinc plate, moisten the hands or fingers 
and place them, one in contact with the silver cup, the 
other with the zinc plate on which the cup rests ; at the 
same moment touch the plain water in the cup with the 
tip of the tongue. A peculiar sensation and a saline taste 
will be immediately experienced, but which does not arise 
if we taste the water without contact with the metals. 
This then is a case of two metals and a moist conductor 
(fig. 4). 

Mscp, 9. Place a small piece of clean zinc between the 
upper lip and the gum, so as to sustain it there ; place a 
small silver coin or plate on the tongue, and then let the 
sdnc held under the upper lip descend so as to touch the 
silver ; a flash of light will be often sensible to the organs 
. of vision, and a peculiar acid taste will be experienced. 
This is again a combination such as represented (12) figs. 4 
and 5. The experiment itself is by no means modem ; 
Sultzer, in a work on Sensation, published in 1787, recites 
1 similar experiment ; the nature of the phenomenon, how- 
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ever, was not explained until Volta had discovered the 
electro-motive action of metals. 

This operation of the voltaic circle on the nerves of taste 
may be further traced in the act of drinking fluidd out of 
metallic vessels. It is a familiar observation, that porter 
drank out of a pewter or silver cup has a higher flavour 
than if taken from a cup of porcelain, which is really the 
fact. We have here a voltaic circle of the second class, re- 
presented (12) fig. 5; that is, a series of two moist conductors 
and one dry or metallic conductor. The two moist con- 
ductors are the porter and the saliva of the mouth, and the 
metallic conductor is the pewter or silver cup. 

20. On a further experimental examination of the electro- 
motive force of the voltaic curcle, we find very consider- 
able variation as to power in the combination of first-class 
conductors with second-class conductors differing in kind. 
The energy generally of such combinations is greater in 
proportion as the substances differ from each other. Thus, 
iron in contact, on one side with water, on the other side 
with nitrous acid, produces a powerful effect, especially in 
exciting muscular contractions. Silver, which generally has 
the least energy in common caSes^ of combination with moist 
conductors, is found a very powerful electro-motor when 
placed between water and sulphuret of potassium. If an arc 
of metal touches the same fluid conductor at each end, 
then little or no electro-motion ensues. The second-class 
conductors must differ in kind. 

Since then the power of the voltaic circle varies with the 
combination as to the kind and disposition of the substances 
employed, it becomes requisite to ascertain experimentally 
the particular combinations best suited to our purpose, so 
that the second-class conductors may be disposed according 
to their activity in a given arrangement. 

21. Volta has distinguished second-class conductors by the 
terms — aqueous, spirituous, mucus, gelatinous, saponaceous^ 
saccharine, saline, acid, alkaline, sul)jhwtw», wA ^\\r^^^* i 
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.Acids whicli are poweiful exciters of electro-motion difieir 
so considerably as to require careful classification from 
mineral to vegetable acids ; the same may be said of saline 
fluids, ticcording as they are solutions of neutral salts, earthy, 
or metallic salts. When we have determined in what order 
all these fluids must be arranged in regard to their appHea^ 
tion to metal a or metal b, we shall be then in a position 
to determine the most powerful combinations for the voltMc 
•8eri68« 

The order of activity of certain fluids in combination 
with the greater number of metals, as determined by Yolts, 
is as follows, beginning with the weakest : — 1. Pure water ; 
2. Chalk and water ; 3. Solution of sugar ; 4. Alcohol ; 
-5. Milk; 6. Mucilaginous fluids; 7. Animal gelatinous 
fluids ; 8. Vegetable acids, including vinegar ; 9. Solution 
of salt; 10. Concentrated mineral acids ; 11. Strong alka- 
line leys and fluids; 12. Sulphuret of potassium, commtmly 
.called liver of sulphur. There are some slight exceptioi» 
in i^e combinations of sulphuret of potassium and also 
ftllrftlinft and saline fluids. 

TVith respect to the order of the metals as regards tbfese 
fluids, he foimd tin the most energetic, and silver th§ least, 
except for water or any aqueous conductor, or sulphuret of 
potassium ; placed between these, silver exceeds all other 
metals. Of all the metals, zinc appears to be the mo9t 
LAYailable as a positive metal; this metal, with gold or 
charcoal, or with silver, copper, or tin, in association with 
water acidulated by any mineral acid, yields energetic eom- 
.binations. The action, however, depends much on the acid 
ciolution employed. 

22. The following are two tables of electrical arrange- 
^aeoats by Sir H. Davy ; the first consisting of two first-class 
with one second-class conductor, the second of two second- 
.tslasB with one first-class. 
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TABLE L (12), Fig. 4. 
VoU<Uc:!OomJnnatiotts — Two Firtt-dau and one Second-dms Conductor, 



matJD\Mn .No. 1. 



Second COasa. 



Vint ClauH- Xo. 2. 



Zinc . 

Iron . 
Tin . 
Lead . 

Copper 
Silver 



Solutions in water of :— 
Nitric acid. 
Muriatic acid. 

Snlphnric acid. 
Sal -ammoniac. 

Nitre. 
Nevtnal salts. 

Oxygen. 
Atmosi^ieric air, &c. 



rSolntions of Nitxate of 
I silver, Mermiry, 
I Nitric aoid, Acetic 
L acid. 

Nitric aeid. 



} 



{Gold, Charcoal, 
Silver, Copper, 
Tin, Iron, Mercury^ 

fGold, Charcoal, 
I, Silver, Copper, Tin. 

/Gold, Silver, 
t Charcoal 

{Gold, Silver. 



Gold, Silver. 
Gold. 



TAEOiE n. (12), Fig. 5. 
Vdtaie conU>inationi — ITwo Sewnd'cUuz wUh one Ph'ti-cUm Chndu/Aor. 



fleoond.Class— No.. 1. 


Vint.Class. 


Second qnwfl No. .2. ' 


Water : or solutions of 
alkaline, hydro - sol- 
plinrets, or solutions of 
JPotass or Soda. 

Potass and Soda only active 
on the. first three onetals. 


Charcoal. 

Copper. 

saver. 

Lead. 
Tin. 
Iron. 
Zinc. 


♦Solutions of:-— 
Nitrous acid. 
Chlorine. 
Muriatic acid. 

Any acid solutions 
acting on metals. 



It is eyident that in the wide range of metallic and liguid 
.iiibstaiioes x>pen to us, an almost infinite number of theie 
electro-motive combinations mq to be &v)sA) ^ ^ *^s^«^ 
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possessing specific peculiarities and degrees of force depend- 
ing on the particular substances associated together, and on 
the circumstances under which they are placed. We maj-, 
for example, associate two metals with pure water only, or 
with concentrated or dilute acids or metallic salts, producing 
in each case different effects and degrees of power. The 
same may be inferred in the association of two moist with 
one metallic conductor. The most powerful combination as 
yet produced is an association of the metals zinc and pla- 
tinum with nifcro-sulphuric and dilute muriatic acids, dis- 
covered and applied by Grove. 

23. It may, perhaps, before concluding this chapter, be 
necessary to state more explicitly in what sense we employ 
the terms "electro-motion," "flow of electricity," "elec- 
trical current," and such like, more especially as the terms 
" current," "current electricity," are constantly reverted to 
in treatises on this branch of physics ; indeed, much of the 
intelligibility of the subject depends on a good distinctive 
acceptation of verbal expressions. 

It is always difficult, in dealing with such mysterious 
agencies as those of electricity and magnetism, to apply terms 
which shall not carry with them hypothetical notions of the 
forces themselves; the senses not having any cognizance 
whatever of occult powers in the way they have of ordinary 
things, we are led to look at the phenomena they present 
to us through the medium of analogies. It is in this 
way that, considering the source of electrical phenomena 
to be a peculiar species of invisible fluid, we imagine it to 
stream or flow through substances, or from one substance 
to another, and to constitute, whilst in motion, a current of 
electricity. The student must not, however, be tied by this 
figurative language, lest he limit the generality of his future 
researches ; more especially, as the whole idea of a current 
is a pure assumption, it is quite possible, if not highly pro- 
bable, that no such agency as an "electric fluid" exists. 
The term " current," however, is, in the present state of 
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these sciences, an extremely conyenient term, and when cast 
adrift from the hypothetical idea of flowing matter, and 
employed, as expressed by Faraday, to designate progressive 
force of any kind, will be found a very legitimate and conve- 
nient form of expression. 

24. Take, for example, the well-knovm mechanical experi- 
ment of a close series of suspended elastic balls, as repre- 
sented in the annexed fig. 11. If one of the extreme balls, 
A, be raised as at a, and be allowed to fall with impulse 
on the series, then the opposite or extreme ball, b, will be 
struck off, and raised 



to a similar height, J, 
but all the intermediate 
balls will remain tran- 
quil Now, here is a 
good example of pro- 
gressive force through 
the intermediate balls, 
which, without any 



Kg. 11. 



^ 



A-odxbcWxbcbdoB 



'^ 



great violence to our view of the fact, we may designate as a 
current of motion. Similarly, if a person applies his 
ear to one end of a beam of wood, or to a long metallic 
wire, whilst another strikes on the opposite extremity with 
a hammer, a sound reaches his ear, after a short interval of 
time, through the intermediate particles of the wood or 
metal ; here we have again an instance of progressive fprce, 
viz., vibratory force, which we might designate as a cur- 
rent of vibration, or even a current of sound. 

Now, in electrical force, such as we have been describing 
(10), we must treat the term " current" in all its generality 
and as really expressing '^progression," unattached to any 
especial dochine ; that is to say, as simply designating pro- 
gressive power, and which, as constituting a sort of axis of 
force, we come at last to consider as a cause of certain 
effects, such, for example, as those which, in the course of 
this work, it will be our endeavour to \lL\3ka.\.x^\ft «sA ^t;^«s»^ 
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CHAPTER II. 

Attempts to nnite tlie power of a succession of Yoltaic circles — DisooTeiy 
of the Pile or Voltaic series — ^'Couronne de tasses" — ^Positiye and 
negative Poles explained — Discoveries of the British chemists — Terms 
employed by Faraday to designate the phenomena of the Pile — Sum- 
mary of nomenclature — Contact and chemical theories of the Pile — 
Electrical column of Dr. Luc — Enumeration of the several effects of 
the Voltaic apparatus. 

25. It is not difficult to perceive that the power of a 
simple Voltaic combination or circle of three substances 
is necessarily very limited ; moreover, we see no means of 
multiplying the effect so long as the series is confined to 
one elementary combination. Yolta sought, but at first 
without success, to extend the practical result of his 
theory, so as to obtain increased power ; similar attempts 
were made by other philosophers. With the same view 
Professor !EU)bison, seeing that the action of two single 
plates was very feeble, thought of uniting or concen- 
trating the action of many pairs of plates by associating 
a series of circular zinc and silver discs of about 
an inch in diameter, one pair immediately following the 
other, as shown in the annexed fig. 12 : but without any 
PI ^2 ^^^ result. Indeed it is clear that 

in such an arrangement each zinc 
plate is necessarily between two silver 
plates, and every silver plate between 
two zmc plates, all except the first 
and last. The consequence of this is, that supposing 
Volta's theory to be at all correct, electricity will tend 
to move in opposite directions. If, for example, both sur- 
faces of zinc are in contact with silver, electro-motion 
•tends to arise from the silver upon the zinc (14), upon 
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both sides of it ; hence, neither surface can possibly become 
electrically affected, the forces destroying each other. The 
same thing occurs, only conversely, with both surfaces of 
the silver in contact with the zinc, so that, however 
numerous the series, it is the terminating discs only whicli 
evince electrical disturbance, and we have still not exceeded 
the power of a single pair, Volta was not long in perceiving 
this, and his wonderfully inventive and perceptive powers 
enabled him speedily to triumph over the difficulty, and 
thereby to achieve one of the greatest conquests in physios. 

26. We have seen (13), that Volta in applying his theo- 
retical views to the case of contact between first and second- 
class conductors, fig. 4, was led to consider the electro-motive 
force of the contact with the second-class conductor as 
being extremely small, when compared with the energy of 
the contact of the metals — he so far considered the office of • 
the second-class conductor as a mere means of promoting 
the circulation of the disturbed electricity, and as being 
a conductor without disturbing electro-motive force, a pro- 
perty which no first-class conductor has. In all solid con- 
ducting bodies, more especially metals, electro-motive force 
and conducting power are inseparable. 

However questionable the accuracy of this hypothesis, it 
served the author materially in this case, inasmuch as it led 
him to interpose a second-class conductor between each pair 
of metals (25, fig. 12), which upon the faith of his hypothesis 
he imagined would not only serve to keep the counter- 
acting surfaces out of contact, but would also carry on the 
continually accumulating electricity of the several metallic 
pairs, without exerting any disturbing or counteracting 
electro-motive power, so that the sum of the series would be 
eventually obtained. The result was triumphantly successful: 
the terminating plates of the series exhibited a high state 
of what has been termed electrical tension, and evolved a 
peculiar, yet painful shock, when touched with a moisten.e<L 
finger of each hand, very similac Iwi VJcl"^ ^'is^Sa^ <^*l *^^ 
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torpedo and gymnotus already described (1) (2), and 
which, as in the cdSe o( the electrical powers of these 
curious fish, became perpetually l-endwed within itself by the 
cotitinued operation of the elements of th^ series ; here then 
was a crowning eridence of the truth of Volta's views of the 
source of the spasmodic muscular contulsions observed by 
Oalvani (4), and which went far to invalidate altogether 
the hypothesis of an animal electricity as advanced by this 
distinguished anatomist. 

27. The form under which Volta first arranged his series of 
metallic and moist conductors Was that of a pile ; he placed, 
for example, one pair of metals upon another, separating 
them by a piece df cloth or cardboard moistened with a saline 
fluid, or water, thereby producing one of the most wonderful 
electrical instruments ever contemplated — -^n instrument 
which in succeeding times was destined to become almost 
omnipoteit as a physical agent, and exert in its practical 
operation a vast influence on the destinies of the human race. 
Volta's pile, or electro-motive apparatus, as he terms 
it, and which has imitiortalised his name, is thus con- 
structed :-^W€j procure about 25 thin tAr- 
^^' ' cular or square plates of xinc, and as many 
t of copper, about two inches square, and a 
; J corresponding number of pieces of common 
cloth of somewhat less dimensions— the latter 
]J is to be moistened either with water, or better 
with salt water or any saline solution. The 
5i zinc plates being carefiilly cleaned, we begin 
! * by placing a plate of either metal, say copper 
c, fig. 18, on a convenient insulating base, 
and upon this, a plate of zinc ar. Then we 
superpose upon this a disc of moist cloth 
m ; this completes a first combination. "We now com- 
mence again with another plate of copper, piled over the 
cloth, then a plate of zinc, theft another piece of moist 
cloth, and so on in series, until We arrive at a terminating 



VOLTAIC PIL«, 



29 




plikte of zinc, z. Ih^ result v^ a nelf-iictmg electrical 
macbioe; powerful in proportion to the ^xteut aud nuu^)er 
of the series, If the series be exteusire it is requisite 
to build up the pile between supports of glass rods, 
or baked wood yaruisbed, aud if prolonged bejrond thiO 
limit of such supports, th^n to build up a sepond ccduuw, 
and unite the opposite terminations of the two bf a 
metallic arc, as sb^wn in Sg. 14 Xf pile jl terminates 
bebw in copper, the added 
pile B must be unjited at 
its zinc end, c abore at 
its copper end, x> below^ 
at its zinc end, and so on* 

28. According to Volta, 
electricitj moves from £rst 
copperplate c % 13 upon 
the superposed zinc z (15). 
The moistened doth ixow 
operates in transmitting bj conduction the disturbed 
electricit3r to the next plate of copper above ^ this plate 
of copper acquires the same.cbarge as the zinc beneath, and 
is now in a state to act further on the zinc above and 
the copper plate below it^ so that it now parts with still 
more of its electricity. In this way, every new plate, or 
pair of plates, continues to receive and e:(haust the electricity 
of those beneath them« The quantity iu the last plate of 
zinc, therefore, will incjcease in an arithmetical progression as 
we build up tiie pile, and the quantity in the eopper at the 
base will decrease, leaving the two terminal plates in extreme 
positive and negative states. 

It is quit© evident that upon Volta's hypothesis, an 
electro-motive pile of this kind with three first-class con- 
ductors is impossible, since no solid conductor has been yet 
found which is not at the same time electro-motive. Jf 
such a substance could be obtained we might then construct 
a pile with dry coiuiuctars alone* 
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29. Yolta considered his pile, in the way he constructed 
it, as closely resembling the electrical organ of the torpedo ; 
he calls it "organe ^lectrique artificiel.'* The points of 
resemblance are these : it is composed entirely of conductors, 
but of different kinds and power ; it is active in itself, without 
the aid of a supply of artificial electricity ; its operation is 
continuous, and it is capable of giving a succession of shocks 
without any apparent diminution of its power. With a 
series of twenty discs of about an inch in diameter, there is 
no difficulty in obtaining strong electrical indications. The 
electroscope and condenser become so powerfully affected as 
to emit a spark by a single contact, and with a pile of 40 
pieces a shock is obtained, powerfully affecting the hands 
and arms, one hand touching the zinc and the other the 
copper extremity of the pile. A pile of 120 pieces, or 60 
pairs of zinc and copper, about two inches in diameter, or 
two inches square, with intermediate cloth moistened with a 
saline fluid, such as a solution of common salt, constitutes a 
very efficient series : circular plates of zinc and common penny 
pieces may be used ; zinc and silver is still more efficient. 

80. The pile, although considered by its inventor as a 
perpetual electrical machine, is really not so for any length 
of time ; its power declines as the intermediate moist con- 
ductor begins to dry, and changes take place in the fluid 
it contains, so that at length the surface of the plates of zinc, 
which is seldom pure, becomes covered with oxide. The 
perpendicular series tends also to press the fluid out of the 
wet cloth. We may avoid some of these defects by covering 
the zinc plates with mercury, which is best effected by 
moistening the surface with dilute sulphuric acid, and then 
rubbing a few globules of mercury over it. This is found 
to preserve the impure zinc from decay, so long as the 
extremities of the pile are out of metallic communication. The 
due of commerce is in fact very impure, and contains small 
portions of other metals, such as lead, copper, and iron ; 
these metals,, according to Paraday, are set free by the action 
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of the saline solution, and constitute with the zinc plate 
so many small voltaic circles, causing a rapid destruction of 
the metal. By covering the surface with mercury we bring 
it into a uniform condition, and so avoid the minor local 
action by which one part becomes a discharger to another. 
The annexed figure (15), represents a horizontal series or 

Fig. 15. 




pile, as arranged by the author, having amalgamated zinc 
plates ; it is very efficient and convenient. The plates are 
square, and are set lozenge fashion, the lower points resting 
between two strips of glass, fixed on a long board, a h, and 
are supported by side rails of baked wood varnished, as 
indicated in the section s; the side rails are secured to 
blocks, c d, at the extremities of the base, a h. Two screws, 
one at each end, pass through these terminating blocks, by 
which the series may be a little compressed ; they serve also 
as the conducting terminations of the pile, and from these 
points, shocks and all the other electrical effects of the pile 
may be obtained. Two batteries of this kind, with 50 pairs 
of metal plates in each, constitute a powerful apparatus. 

31. The voltaic pile, or series of electro-motive circles, was 
made to assume in the hands of Volta another and perhaps 
a still better form, termed by him " Couronne de tasses.'* 
In this arrangement, represented in the following fig. 16, 
alternating pairs of zinc and copper plates, z o, connected 
by metallic arcs, zc, are immersed in glass cups, containing 
a saline solution, and are arranged in the order of metal, fluid, 
metal, that is c f Zf c fz, c fz-, the last plates, o z, termi- 
nating in other plates, p n, which act as conductors to the 
series. The last plates, o z, evince opposite electrical states. 
The tension of the extreme plates, p n, is as the number 
of alternations or goblets, and con!&^Q^<^T^ ^s!l^sk%»»m^ 
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in arithmetical progression. It is easy to see by a little 
reflection, that this arrangement is in effect the same thing as 
the pile (27), fig. 13, except that the plates of zinc and copper, 
instead of being in precise contact, are united electrically 
by the metallic arcs c z (17). Volta usually employed this 
form of his apparatus ; his series consisted of about 50 cups 
filled with a warm saline fluid, the metals being zinc and 
silver. Having arranged the plates in the order of zinc, 
fluid, silver, he united the zinc of one cup with the silver of 
the next, thus forming a succession of electro-motive circles 
(17) in such a way as to obtain the sum of the whole. 

32. The extremities, o, z, fig. 16, of the " Couronne de 
tasses," or of the pile (12), fig.l3, concentrating, as they do, 

Fig. 16. 




the united positive and negative forces of the series, have been 
termed its poles ; the zinc extremity, z, being the positive 
metal, has been termed the positive pole; and the copper extre- 
mity c, being the negative metal, has been termed the negative 
pole. Some Httle confusion and misapprehension, however, 
has arisen relative to the real import of these terms, 
as applied to the terminating plates of the series; it will, 
therefore, be as well to elucidate this point by a brief analysis 
of a simple circle. 
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33. Let tbe axuoiexed fig* 17 represent one of the elements 
of the " Couronne de taages/' (32) fig* 16, abstracted from 
the series : z being the zinc plate, and o the copper^ The 
directbn of the electro-motion in 
this series t^icou^ the fluid v will ^^^' ^'^' 

be always from z towards o, as .--^'"i" — --.^ 

alreadj explained <17), and if instead [ ^ V ) 
of connecting the metal arcs, p#, jrt?, ^P^i ffxf 
witli other idnc and copper plates, / ^aS^sL. ^v 
as represented in the last figure, 91 ^^^^H ^ 
we imagine them to constitute a ^wK^^ 

single arcv uniting the respectiye ^^r^ 

plates 2 c« as indicated by the ^ ^^ 

dotted line p ^ isr, then the return <^3tf^ 

circulation above wnuld be in lite 
direction P £ jr, that is to saj, according to Yolta's doctrine^ 
electiiccty would flow aboye from the copper c towards the 
sine z, at what maj be considered the points 9f contact of 
the two metals (17), and from the zinc z towards the copper 
G9 throiagh the fluid below. 

Now the pole from which electricity proceeds is to be 
termed the positisre pole, and the pole totoardt which it 
flows and .enters, && negatiye pole; so that, although 
the copper be called the negative metal, it still constitutes 
the positive pole in this simple circle; and although zinc z 
be called the positive metal, it constitutes the negative pole. 
[Further, it may be perceived that Any metal made to 
twminafce the arcs, hi?, p*, beyond p, k, would have nothing 
to do with this a.rrangement^ if kept out of liquid contact 
with other metals, such for example as the exterior plates 
p^n^ m the preceding fig. 16. The student has only 
to remember the great cardinal point, that in the fluid 
medium hdaw^ electricity flows from the zinc upon the 
copper^ and from copper to zinc, through i^e metallic arc 
above. If then we consider c z, fig. 16, as the terminating 
plates cf the series, tbe last copper i^ladbe^ c^^ ^^ ^^ "^k^ 
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positive end of the series, and the last zinc plate, z, will be 
the negative end, so that if the series terminate in a single 
zinc plate, p, on the one side, and in a single copper 
plate, n on the other, both external to the fluid, this zinc 
plate is so far the positive pole, and the copper the n^;atiye. 
34. Eeverting here to the case of the pile (27), 
fig. 13, it is easy to see that the last plates of copper and 
zinc, being out of a fluid contact, and beyond the real 
(extremes of the pile, they have nothing to do with the 
rlectro-motive action ; they are, in fact, merely substitutes 
lor simple conductors transmitting the Yoltaic power from 
the last plates in contact with the moist conductor. If, 
therefore, the first plate at the base of the pile in contact 
\vith the moistened cloth be a zinc plate, as in fig. 13, that 
>vill be the plate into which the circulating electricity of the 
pile would enter, supposing the extremities of the pile joined 
by a metallic arc, no matter for the first copper plate beneath 
it at the base of the pile. Similarly the last copper plate 
in contact with the moist conductor above would be the 
plate from which the circulating electricity would proceed, 
without regard to the terminating zinc plate above it at 
the summit of the pile ; both the terminating plates, z c, 
fig. 13, might be therefore removed without any detriment 
to the course of the electro-motion. These plates be- 
come the positive and negative ends of the pile only in 
virtue of their transmitting the circulating electricity ; they 
are, as it were, the doors by which the circulating electro- 
motive power leaves and enters the pile as indicated in the 
terminating plates, p, n, fig. 16, outside the cups ; hence 
it is, that whilst in a single pair of plates, or simple circle, 
represented in the last fig. 17, the copper is the positive pole 
and the zinc the negative, we find in a compound circle, such as 
the pile, or " Couronne de tasses," fig. 16, as tisually ai^anged^ 
that the zinc extreme p becomes the positive pole and the 
copper extreme n the negative. It would be, however, as 
observed by Priestley, of no sort of consequence in which of 
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the metals the series or pile terminated, — ^they might be both 
copper or both zinc — ^provided they were detached from li 
succeeding moist conductor in further communication with 
the series. It happens, however, in the pile (27) fig. 13, 
that the positive metal is at the positive extremity of the 
pile, and the negative metal at the negative extremity. We 
have, in illustrating and explaining thesd conditions, taken 
the copper as the first plate or base of the pile, in accordance 
with the supposition before given (27), fig. 13. 

35. Ko sooner iad Volta's paper " On the Electricity 
excited by the mere contact of conducting Substances,'* and 
in which lie announces his discovery of the electro-motive 
apparati]% been read at the 'Rojal Society, 26th June, 1800,* 
than the British chemists commenced a series of operations 
with it, and almost immediately detected its wonderful power 
as a chemical agent. Messrs. Nicholson and Carlisle were 
at first the most active, and they lost no time in constructing 
a pile of silver and zinc plates, with an intermediate moist 
medium. They at once confirmed all that Yolta had ad<« 
vanced relative to its electrical properties, and found the 
zinc extremity of the series positive, and the silver extremity 
negative. Observing a minute stream of gas to arise from 
a globule of water resting on the upper plate of the pile, 
and in contact with a wire connecting the lower plate, they 
were led to investigate attentively the source of this action, 
and the natiure of the gas evolved at the extremity of the 
wire ; the gas appearing to be hydrogen, they proceeded to 
introduce two wires into a glass tube, filled with water: 
this they placed in the circuit between the extremes of the 
pile : immediately a stream of gas was observed to come 
out, as it were, of the wire connecting the negative pole, 
whilst the opposite wire became covered with oxide. On 
collecting the gas, they found it to be hydrogen ; when two 
wires were employed, not easily oxidable (such, for example, 
as gold or platinum), then a stream of gas was observed to 

* Letter to Sir Joseph Basika, ^ ,'^.^. i 
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proceed from each wire : the gases, being separatdy col- 
lected, were found to be hydrogen on the one side, and 
exygen on the other ; which two gases, as shown b j Cayen- 
dish in the " Phil. Trans." for 1784, were actually the 
eoDstituents of water: the water, l^ereSore, in the tube had 
been decomposed and separated by the agmcy of the pile 
into its constituent ^ments. 

36. These beautiful and surprising ezperiments caused, 
as may be readily imagined, a deep sensation in the scientific 
world : Gruickshank, WoUaston, Davy, mod oiher eminent 
chemists in this country, together with Foufcroy, Thenard, 
Bitter, and other gieat continental chemists, . nrosecuted 
them with i&tense aidour. Their progress becaiA wonder- 
fully fiunlitated by a new disposition of the pile, contriTed 
by Cruickshank, who placed Yolta's apparatus under the 
form of a trough, divided into cells by the series of pairs of 
meiaUic plates themselves, and into which was poured an acid 
solution.* By this contrivance, the activity, power, and 
convenience of Yolta's pile became increased to an astonish- 
ing d^ree; so that, when several of these troughs, or 
batteries, weve united, the most surprising results were 
obtained. Davy, thixsugh the agency df a lamilajr, but a 
still further in^iroved arrangement, detected the chemical 
constitutbn of the alkaBes, and resolved potass and soda 
into metallic bases, united with oxygen. A series of new 
substances were speedily disoovered, the existence of w^hich 
had never before beefu imagined: oxygen, chlorine, acids, 
and many other substances, were all dragged, as it were, to 
the positive pole ; whilst metals, inflammable bodies, alkalies, 
and earths, became determined to tite negative pole of the 
battery (84.) When wires, connected with each extremity of 
the new botteay, ware tipped with prepared and weU pointed 
charcoal, and the points brought rery near each othec, then 
a most intense and pure eviolution of light followed 4 which, 
on separating the points, extended into a ^giorgeous arc. 

* See Fig. 55 (59). 
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Metallic wijrefly joimng the extremes of the series, were 
heated and fused : a thick wire of platinum, the most refirac- 
tory of metals, soon becune white hot, and glowed with ft 
vivid incandescence. 

37. Chemistry was thus put in possession of an agent far 
more seaix^hing and powerful than any it had as yet been 
enabled to command. The most stubborn substances were 
conslarained to yield up their constituent elements to this 
omnipotent power. Inflammable elementary bodies, such 
as hydrogen, — also metallic bodies, earths, and alkalies^ — 
were all ecmstrained to travel, as it were, and appear at the 
negative jjpl^ of ihe battery (34), whilst oxygen, acids, and 
other bo^bs, became similarly commanded to appear at the 
positive ifcie (34.) In more recent times, this apparatus has 
been allied asa magnetic agent of almost unlimited means ; 
and it is quite impossible to say in what new diraetion its 
powers may not become directed. Yolta himself had certainly 
but a £unt idea of the giant fierce he had thus called as it wore 
into being, nor did he pajrtieipate, in any nemarkabla degree, 
in the brilliant discoveries dicited by his apparatus direstiy 
it came iato other hands, m rapid and immediate were the 
results ; occnpied as he appears to hanre heefa in the defence 
of his doctrine of electro-motion, and in its apphaatoien to 
physiological inquiries, his attention was neeessarily turned 
into other channels. In &ust, partly from this cause, but in 
great measure from filing health, he did little in thk braodh 
of physics, so peculiarly his own, after his appamtus fell into 
the hands of the British chemists. 

38. Faraday^ in 4Mir own day, with his aecustomed activity 
and wondrous powers ef research, has contrived to Hbrow a 
large beam of light on the nature and operation otf ike 
voltaic apparatus: he has classified, investigated, and 
anranged the phenomena of the pile in a way so orderly, so 
original, and so lucidly comprehensive, as to leave littie 
further to be desired up to the present state of this bf»iaeh 
of science. Amongst the profound and persQio^^^^^ds^-vcsm^ 
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of this celebrated philosopher, his proposed nomenclature of 
terms, applicable to the pile and its attendant phenomena, 
necessarilj demands attention here, as being of paramount 
importance to a further elucidation of our subject. 

We have already seen (32), that, in the ordinary phraseo- 
logy of the pile, we apply the term " pole " to each extremity, 
distinguishing the zinc and copper extremes by the terms 
" positive " and " negative." Thus the zinc extreme has 
been called the positive pole, and the copper extreme the 
negative pole. These terms have a certain accepted meaning, 
and Davy was led to infer, from the selection of substances, 
as it were, by these extremes (36), that there resided in them 
certain attractive powers. 

Faraday, however, has shown, by a conclusive train of expe- 
riment, that this notion is untenable, — that the decomposing 
force is not at the poles, but within the substance itself, when 
acted on by the electrical current. He, therefore, considers 
what we term the poles of the series, as being merely the doors 
or ways by which the current enters a body and leaves it 
again. Such for example as the terminating plates p, n 
(32) fig. 16. When the poles are actually in contact with 
the body, as indicated in the following fig. 18, they limit 
its extent in the direction of the current. He is hence 
led to banish the term pole, and replace it by the term 
" electrode," from the Greek of lyXcicrpov, for electricity, and 
obos, a way : this term he applies to any surface whatever, 
p, n, fig. 16, whether metal, water, or air, and which limits the 
extent of the body under decomposition, and the direction 
of the current as poles of the voltaic apparatus. 

89. The actual surfaces of the body itself, through which 
the current enters or leaves the body, being important 
places of action, he is careful to distinguish these from the 
poles with which they are commonly in contact, and from 
the electrodes just mentioned, with which they are always in 
contact. With this view, he seeks a natural standard of 
direction, much in the same way as we sought in this 
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country an inyariable standard 'of measure in tbe length of 
a pendulum, vibrating seconds in the latitude of London, or, 
as they sought in France, in the length of an arc of the 
meridian. Now the direction in which the sun apparently 
moves is a standard direction of this kind, being from east to 
west ; and this direction being furtHer inferred, from the laws 
of electro-magnetism, to be the direction of certain electrical 
currents circulating round the earth, at right angles to the 
position of the magnetic needle, we have thus arrived at an 
invariable standard of comparison. With an amount of pre- 
cision and ingenuity peculiar to himself, and with a view of 
avoiding all illusory hypotheses, Faraday proposes to consider 
the substance acted on by the battery as being always in an 
east and west line; in which case, the current would have the 
natural standard direction just referred to. In the adjoining 
fig. 18, for example, let s K and b w be the cardinal points of 
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the compass ; in which E w 
is consequently an east and 
west line. Let h be a given 
substance, placed in the cir- 
cuit siEaiLcYrz; that is, 
between the wires « e a and 
zwCf proceeding from the 
opposite extreme plates of 
the series, zs; the current 
passing through it in the 
direction e w. This under- 
stood, the surface a of the 
given body h on the east 
side, and into which the current is supposed first to enter, is 
termed " anode,** and the surface c, on the west side, from 
which the current is again supposed to issue, is termed 
** cathode," from the Greek ava and Kara, upwards and down- 
wards, and obos, a way; that is to say, the way in which the sun 
gets up, and the way in which the sun goes down. The anode a^ 
fig. 18, is, therefore, that surface of the bo4^ ieL,\aA>fcx^^^wssc. 
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positk>23«at whichtha curreni; mier$ ; it is itsju^tiv^^Kixe- 
miiy (a3)j and w diraciJj a^aim^ xnr €fppo«Uf tho pontiYe 
elBctrode^ or ^oor, oa the sick x: here, at this positiye eleo- 
larode, are evol^d oxjgenaadaU a»ds9 iodine, chlo^ 
The cathode c, im the eoniaary^ is that auir&oe of the body 
H at which tiie euiaieat passes oiat or leav^ it (30), and is 
direetlj agsinst, or opposite, the negative Soar, or .electoode, 
on the aide w; here, at this n^gatiFe electrode, appear 
hjdrogieaEL and otiber infiammable elements^ m^bsk, ^. ^. 
Imsgine, £» oxample, the aubstanee jepresented by h, 
in %. 18, to be immediately hetveen the two extremes, p, », 
of ihB ''Gouronne de tasses/' (32) Sg.lB. In Obb case, 
the plate |» would he the poaitiye elecU'ode^ ani idu9 surface 
a <^ the body h, inoontact with it (£ig. 18)^ irould be the 
opposed sMwde. The electrode would be positire, the current 
passing out of it ; the anode would be negative, the current 
passing into it. Similar reasoning applies to the opposite 
electrode n, fig. 16, the opposed sur&ee € » would he the j)«ga» 
tive electrode, the current entering into it, and c, fig* 18, the 
cathode, which would be positive, the (^urent flowing out of it. 

Paraday has shown that the electrode, j? z, na, fig. 16, may 
be fluid, solid, or gaseous, that is, the substance acted on nuiy 
be limited by water, or even air. 

40. This understood, we have next to observe that any 
substance capable of being directly acted on and decomposed 
by the current — water, for example, whose oonstituent 
elements are two gases, oxygen and hydrogen^ and which, 
under thp influence of the current (36), at once separate 
and travel, one to the positive, the other to the negative 
electxode, or door-ways — ^is termed an '^ ^ectrolyte,'* and 
when resolved into its oonstituent elements is said to be 
** electrolysed" (analogous with "analysed"), from the 
Greek ^UnTfov^ and Xmo, to loosen : such a substance, is 
further said to be " alectrolysab le." 

Substances which do not direciJff yidd up their elements 
in this way; but which only do so throng the ag^cy of some 
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secondary process, by wliich they decompose on reaching 
the electrodes, are not included in this class of bodies, and 
hence are not considered as being pure electrolytes. 

41. Finally, we haye an appropriate term to designate all 
those bodies which are thus unloosened, to trarel or pass 
to one or the other of the two electrodes : these, as a whole, 
are called " ions,*' from the Greek ia>v, participle of the verb 
€(/ii, to go. Those ions which go to the anode a, fig. 18, 
and appear at the positive electrode, or pole jp, fig. 16, are 
termed " anions;'^ those which go to the cathode c, fig. 18, 
and appear at the negative electrode n, fig. 16, are termed 
" cations,'*^ from the Greek neuter participles aviov, or that 
which goes up, and Kartop, or that which goes down ; still 
preserving the figurative idea of rising in the east and setting 
in the west, as in the line bw, fig. 18. Thus water is said to be 
an electrolyte ; is eleetrolyaable ; when electrolysed^ it evolves 
two ions^ oxygen and hydrogen (33) : oxygen is an amon^ 
found at the positive electrode ; and hydrogen is a cation^ 
found at the negative electrode. Similarly, all bodies — as 
acids, chlorine, iodine, &c. — found at the positive electrode, 
or pole, are aniam (37) ; whilst inflammable bodies, earths, 
and alkalies, found at the negative pole, are cations* In 
the old phraseology, anions would have been called electro- 
positive bodies, and cations electro-negative bodies, being 
under the supposed influence of direct attractive forces, 
residing in the opposite poles of the battery ; and, instead of 
being said to be electrolysed, they would have been con- 
sidered as being " electro-chemicalJy " decomposed, 

42. Although a new and unstudied nomenclature may ill 
suit those whose views and habits have for a long period 
been trained in another sort of school, nevertheless, the 
terms just explained, and which have been so judiciously 

* According to Professor Whewell, '* cathions,'* would be more relative 
to "cathode'* and wotdd do less violence to the habits of English pro- 
nnneiation, although the analogy with the Greek derivadon requires 
** cation,''— Bist, Jbid. S<aences, vol. tL p. 185. . .^ 
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introduced bj Farad a j into tliis depiirtment 
will be found of immenae advatifcage to its futti 
being definitely intelligible ; carrying witb them 
ideas, they express, in fdct, the actually oba 
nomena, and must be free from all eonfufiionl 
student will do well to familiarise himaelf praclj 
the new nomenclature* 

The following brief recapitulation of it yirill^ 
useful in the way of reference : — 

TABLE UL^m^ietidalim. 



Terms. 



S^jpiMoatiouA. 



! Electrode . 
Anode . 

Cathode 

Electrolyte . 
Eltt(!trol78is 

Electrolysed . 

Electrolysable 
Ions . 
Anions . 
Cations 



Put for pole : the way or door \' 
c arrant sntera or loayea a aiiKst ii c 
he either poHitire or nE^^tivL^, 

Tliat surface of a body receives-;; 

oa the pc>eitive side of the atiuv*. 

on which the aun gets up, sii, 

current to flow from east to w 

the positive electrode. 
That Bnr:Bace of a body from wIul^V 

pasi^es out towojdfi the negative? 

eeriea is n^t the negative th ' 1 1 

Any Bub^nce whose couHtitucnt el 
ilirectly setJaraUe by the miiui 
roltftic cnrrOGt. 

Tbe result of a chemical deeompoFit 
gguB with ^' anaJyaisL" 

The actual aeparation of i^ siilk-;[ri: 
constitaents— iFtandB fi.4' t Ne '■> 
" electro -cIiemn»Uy decompt>i-.i:Ll. 

Ailmittbg of bein^ chemically i:Uoj 

The separated constitnent elem^nt^ 
stoace. 
loAB or elements found at the positivi 

lona or elementa found at tl^ 
electrode. 



43. Volta's hypotheHifl of electro^motion, and j 
tion of it in further ex:pla.nation of tbe action 
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although ever to be regarded as the conjecture of an original 
and sagacious mind, is nevertheless embarrassed by con- 
siderable difficulty, and is scarcely tenable as a general and 
fundamental principle adequate to a solution of the infinite 
variety of phenomena which have since presented themselves ; 
it is now well known that the fluids of the pile by their 
action on the most ozidable of the two metals, is the great, 
if not the only course of the voltaic current. Another 
theory of the source of power in the voltaic pile, has hence 
arisen, termed the chemical theory, in contradistinction to 
the theory of Volta, which has been termed the contact 
theory. It will be requisite to briefly revert to the merits 
of these opposite theories, inasmuch as they have excited 
very extraordinary attention in the scientific world, and have 
been made subjects of profound philosophical controversy 
by all our eminent chemists. 

Contact theory, — This theory, as we have already seen, 
(10), (18), (16), assumes that when different substances are 
brought into contact, there is a new distribution of the 
electricity inherent in the bodies, e, g, some portion of the 
electricity of the one flows towards, and is received by 
the other, and this effect is more especially evident in the 
metallic contact, (13). It further assumes that in the 
voltaic circle (17) although the touching bodies have re- 
spectively given and taken electricity, still they cannot 
support the charge ; but discharge their opposite electricities 
one into the other through a third substance placed as it 
were behind them, and yet they remain still in opposite 
electrical states by a continual renewal of these states by 
the contact of the metals, and thus by discharging into 
particles of matter similar to themselves the contact is the 
source of an electrical current, that is progressive force (23), 
which current becomes, as expressed by Faraday, an axis of 
power when brought to operate on other substances. 

4lf. The chemical theory of which hitherto we have said 
little, assumes : that in the voltaic pile t\i<ek ^wa^^ ^'^ *^«!>s> i 
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i^urrent, and consequent!/ the source of its power^ is to be 
sought for in what has been termed the chemical action of 
the pile, that is to mj, the action set up betweeu tibe 
elements of the fluids of the pile axvd the metals ; in conse- 
quence of which eleetncitf becomes evoked m large and 
orerwhelming quantity, and circulates according to certain 
laws of force und^ the form of a ciirrent 

We are indri^ted to Fabroni for tiie flrst step towards a 
^emical theory- of the pile, who obserFed that pure mercury 
preserred its liistre for a long time if kept out of coutact 
with other metals ; but in contaet with zinc or other metals 
it oxidated rapidlf « He obsesrred the same fact in a vai^iety 
-of differ^t metals^ such as tin and its aUoji^ irou with 
e<^per, and he eonchid^ that this jneciprooal action was 
similar to other cibemical combinaiioasy and was the source 
of the electricity eyolved by the pile. The results of his 
researc^ies were eommunicated to the FlorentiAe aeademy 
in 1792; from which he mfi»« that *11 gatmoie effects 
are no other than 4^emical operationfi. Priestley at an early 
pmod of Yidta's diacoi^ry , remarked, as already stated (34) 
on the insuffieiency of the prerailing theory in ezplaoation 
ef the phenomena, of Hhe pile ; his view was, that the 
calcination, as he terms it, of the zinc, sullies ''phlo- 
giston," and when that ceases, the Action of the pile is at 
^n end. WoUaston, in » valuable communication to the 
Boyal Society in 1801, cleaajf shows that the operation of 
Hie pile is inTadably eonnedbed with oxidation and other 
<^emical changes. I^ says he, ^'a piece of sine (meaning 
iiie zinc of commerce, not pure zinc) and a pieee of silver 
hare each <K»e ^extremity unmersed in the same vessel, con- 
taining jHilpfanric <0r sniinaiic acid, diluted with a large 
quantity of wat^, the :ziac beeomes iissolved, and yields 
hydrogen gas by docompMition of the water, but the silver 
not being acted on, has no power of decomposing the water. 
If we bring the sihrer sad zinc, however* into contact, or 
there is «oy n^etaUie comxnusiieation made between them, 
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then hydrogen gas is formed aUK> at the surface of the 
silter." Again he says, '^ We see in this experiment^ that the 
zinc without contact of any other metal has the power of 
decomposing water; and we can hare no reason to suppose 
that the subsequent contact of the silver produces any new 
power; the silrer serres then merely as a conductor of 
electricity, and thereby occasions the formation of hydrogen 
gas/' It is In fact, as he previously remarks, an established 
fact of the pile, that when water is placed in the circuit, if 
the power be sufficient to oridate one of the wires, the 
other wire gives off hydrogen (39); since therefore the 
extrication of hydrogen in this case depends on electricity, 
it is highly probable that for the conversion of hydrogen 
into gas, electricity is also requisite in other instances. In 
the above example, for instance, electricity is evolved during 
the action of the acid solution on the zinc ; the transition 
of this electricity between the fluid and the metal is the 
immediate source of the hydrogen gas. 

45. Many conclusive experiments maybe adduced to show 
that electricity is freely evolved during the chemical action of 
two substances on each other, producing new combinations. 

iE'araday has calculated that as much electricity is employed 
in holding together the two elementary gases, oxygen and 
hydrogen, in a grain of water, as is present in a discharge 
of lightning. A single grain of water acidulated so as to 
facilitate conduction, requires a current of voltaic electricity 
to be continued through it for nearly four minutes, in order 
to resolve it into its constituent elements, which current 
must be of sufficient force to retain a platinum wire of 
about the ^^th of an inch in thickness, red-hot in air 
during this time. Comparing such a discharge with that of 
the ordinary electrical battery, he finds that the quantity of 
electricity evolved in the decomposition pf a single gram 
of water is equal to that of a "very powerful flash of 
lightning." * 

* Exp. Reaeaiches, \%^^V ^ 
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46. The fact of the eyolution of electricity during chemi- 
cal action being incontrovertible — let us now see how in 
the Yoltaic series a current becomes established in a given 
direction— the power of which is adequate to so many 
wonderful effects. Faraday treats this question with his 
ordinary clearness. We have to observe, first, that little or 
no chemical change occurs when pure zinc, or zinc amalga- 
mated with mercury, is employed in the voltaic series so 
long as the circuit, c.P £ N z, fig. 17, is incomplete ; that 
is to say, so long as there is no metallic contact between the 
two metals. We have merely in this case a state of electrical 
tension between the fluid and the metal having the greatest 
affinity for its oxygen. The chemical aflSnity exerted between 
a particle of metal and a particle of oxygen, although not 
at the instant sufficiently powerful to admit of the metal 
seizing the oxygen and expelling the hydrogen, is yet 
sufficiently powerful to bring the particles into opposite 
electrical states of tension, or polar conditions of high 
intensity,* in which state they might continue without 
further chaoge, did not some new condition arise to dis- 
turb it. Suppose then a plate of pure or amalgamated zinc 
to be thus circumstanced, and to be partially immersed in a 
dilute acid solution, then immediately the contact of the 
metal and the water is complete, and the metal becomes as 
it were wetted with the water, we have this electrical state 
of tension induced. Let us now suppose that a second 
metal be introduced into the fluid in a similar way, a plate 
of copper for example, not having the same affinity fop the 
oxygen of the water, and that we proceed to complete a 
conducting metallic communication between these plates, or 
cause them in any way to touch each other through a 
metallic arc, as represented in fig. 17 (29), or otherwise 
directly, as in fig, 4 (11). Then this induced polar condi- 

* ** Electrical Polarity," see Rud. Electricity (98) p. 111. For 
"Tension" see (120) p. 141. 
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tion becomes for the instant retieved, and the force is 
transferred in a most extraordinary way through the two 
metals, so as again to enter into the dilute acid solution 
interposed between them (29), fig. 17, which in the act of 
transmitting it becomes decomposed. The water being an 
electrolyte, now gives up its oxygen to the zinc, and chemical 
action is directly established. In this operation, the two 
opposed electrical forces of the first series of particles 
acting on or toward each other in opposite directions, being 
necessarily equal, * are necessarily transferred in a reverse 
order, and constitute what we have termed (23) an electrical 
current. This current being once established, is perpetuated 
by the continued chemical decomposition of the water which 
immediately follows. It is, however, to be observed that 
the oxygen and hydrogen, under the form of water, are so 
powerfully held together that it is next to impossible to 
disunite these elements by the superior relation of the 
forces between the oxygen and the zinc taken alone ; we 
require at the same time an abatement of force between the 
oxygen and the hydrogen themselves. Withbut this, the 
turning point of the new combination between the oxygen 
and the metal is scarcely reached, and no continued decom- 
position would ensue so long as the hydrogen of the water 
could accumulate on the zinc; but in the play of forces 
which thus arise in the voltaic circle, it is found that the 
rising of the force between the metal and the oxygen is 
attended by an opposite falling of the force by which the 
oxygen is united to the hydrogen; when decomposition 
ensues, the hydrogen is transferred to the sur&ce of the 
copper or negative metal, where it is finally ejected (33). 

47. Taking then the source of power on the voltaic 
pile as due to chemical action, we may conceive it to be 
divided into two parts: 1. The rising force between the 
metal and the oxygen of the water, and the consequent 

♦ Rud. Elect. (98), p. 111. ^ 
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falling of the force between the oxygen and hydrogen, the 
elements of the water. 2. The action which ensues when the 
change in the association of the elements is complete, — 
when the particle of oxygen leaves its hitherto associated 
particle of hydrogen and unites with the zinc. The first 
action is the source of the current, or otherwise of the 
tension, in the extremities of the pile in a disjointed 
circuit; the second action, by terminating at the instant 
of the first operation, brings succeeding particles into 
play, and so perpetuates the current. The immediate use 
of the second or negative metal is here apparent, — ^it opens 
a path for the progressiye force or current to move in, and 
by which the conditions for the decomposition of the 
water are completed. Its direct commiinication by metallic 
connection is effectual in this respect. Electrolytic com- 
mimication would not be effectual; an electrolyte would 
decompose, and obstructing forces would arise; moreover, 
the second or negative metal prevents hydrogen from accu- 
mulating on the surfiice of the active metal The acid 
itself has little or no influence whatever in promoting the 
current force further than in facilitating the conduction of 
the water, and removing the oxide of zinc from its surface, 
so that it may not as it were choke up the way, and prevent 
fresh particles of metal from being acted on. The efficient 
power is in the decomposition of the water, indeed the 
presence of an electrolyte such as water is essential; its acts 
of conduction and decomposition are simultaneous, and 
the transmission of its elements in lines parallel with the 
current so important, that if this transmission stops, the 
current stops, if it be changed, the current changes. 
The water then of the acid solution being a decomposable 
and oxidating body, the attraction of the zinc for the 
oxygen becomes eventually greater than that of the oxygen 
for the hydrogen, but in combining with the oxygen puts 
into circulation an electrical current in a given direction, 
which direction is that of the transfer of the hydrogen 
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toward the copper or other negative metal. So that, as 
already seen (29), fig. 17, the current flows from the zinc 
toward the copper through the fluid below, and from copper 
to zinc through the metallic arc above, being at the same 
time consistent with the transmission of the oxygen from 
the copper upon the zinc in an opposite direction ; the 
current, therefore, can pass in the prescribed line or 
circuit of direction, and yet favor the renewal of the con- 
dition upon the surface of the zinc, which commences by 
determining both the chemical combination and the suc- 
ceeding circulation. 

It will be perceived that, according to the Chemical 
Theory (46), the order of the series is considered as an 
association of two metals and one fluid, in the succession of 
metal, fluid, metal, <&c., and not as in the order prescribed 
hj Volta, of metal, metal, fluid : thus, taking the first plate 
of the pile (27) as being copper, we should, according to 
Volta, have a series of (copper, zinc, fluid,) — (copper, zinc, 
fluid,) and so on ; whereas, by the Chemical Theory, the first 
copper plate would go for nothing, and we should have the 
succession (zinc, fluid, copper) — (zinc, fluid, copper,) &c., 
which is really the eflective order already adverted to (31). 
The ingenious De Luc, in a most interesting analysis of the 
pile to be hereafter noticed (125), examined the several orders 
of the series or successions in which we may consider the 
two metals and fluid to be placed, and arrived at new and 
important conclusions as to its action, — he found the 
chemical and electrical effects in an inverse ratio to each 
other : without a fluid between the plates, the chemical 
power was little or nothing, so that the order which gave 
the greatest electrical development had the least chemical 
power, and that which developed the greatest chemical 
action had the least electrical power ; hence, he arrived at 
the conclusion, that for the production of electrical effects 
the presence of a fluid conductor is not necessary, and it 
becomes only requisite to separate the as^ooisbJ^^^ ^^cc^ ^'^ 
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metala by a dry nou-metallic conductor. This conclusion 
led to the construction of a pile not containing anj fluid 
substance, a kind of pile whidi Yolta in vain sought to obtain. 
Were ^perfectly dry solid pile possible, there would probably 
be an end of the Chemical Theory : it would be purely a 
development of electricity by contact, and so far confirm 
Yolta's views. It would constitute an apparatus liable to 
no derangement ; always active ; neither chemical action nor 
evaporation could affect it, and its operation would be 
perpetual and invariable. 

48. It must be allowed that De Luc effected an apparent 
approximation to -this result ; he constructed of solid sub- 
stances only, and with great success, what has been since 
termed an '^electrical column." This column consisted 
of groups of silver and zinc, with interposed discs of writing- 
paper between each two pairs of metals. When twelve 
hundred pieces or discs of silver, zinc, and writing-paper of 
about three-fourths of an inch in diameter, are arranged in 
the order of silver, zinc, paper, we have an apparatus 
approaching as nearly as may be to a perpetual electrical 
machine of very weak power. An efl&cient and easy method 
of construction is to lay silver leaf on writing-paper, that is, 
to silver the paper, and then with a common punch of rather 
more than half an inch diameter, cut out a series of discs ; 
a corresponding number of discs of common paper, and thin 
sheet zinc, should be provided in a similar way. These 
discs are now to be arranged within a tube of glass carefully 
varnished within and without in the order of zinc, paper, 
silver paper, with the silver upwards ; then again, zinc, 
paper, silver paper, silver upwards, and so on ; by which, as 
is evident, we obtain a succession in the order of silver, zinc, 
paper, — silver, zinc, paper, Ac, the silver and zinc being 
always in contact. The glass tube in which these discs are 
placed is capped at each end with brass caps ; through each 
of these passes a wire rod ; being screwed through the 
cap^ it ccHnpresses the series from each end, and serves at 
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the same time as a conductor from each extremity of the 
column. When this apparatus is insulated and a delicate 
electroscope attached to its opposite extremities, the electro- 
scope at the zinc extremity diverges with positive electricity, 
and that at the copper extremity with negative electricity. 
The annexed figare 19 is illustrative of the whole arrange- 
ment, supposed to contain from 1000 to 1200 discs. 

Fig. 19. 
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49. The electricity of tension in the extremes of this column 
is often considerable. The positive and negative electricity 
is so rapidly and continually reproduced, that 
a light pendulous body may be kept in constant 
motion between the opposite poles of two 
united columns; these are usually placed on 
insulated brass ^ells, a metallic ball being sus- 
pended by a £ne silk line immediately between 
them, as seen in the annexed figure 20, so 
that a continual chiming is the result ; the action 
has been found to continue for many years; 
and it has been supposed that if the column 
were quite perfect, the motion would be perma- 
nent. This is, however, very doubtful. 

Mr. Singer constructed a series of 20,000 groups of silver 
zinc and double discs of paper ; the electrical power of 
which was so great that alight pith-ball electrometer diverged 
to a distance of two inches: an electrical jar containing 
fifty square inches of coating was charged by ten minutes' 
contact sufficiently high to produce a disagreeable shock 
across the shoulders and breast. The charge could per- 
forate common paper when discharged throu^ Ak,^ ^ixA ^^^ 
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about an inch of platina wire of the s~^^h of an inch in 
diameter.* 

Zamboni, in 1812, introdnced a new material into these 
columns ; his piles consisted of paper thinly coated on one 
side with peroxide of manganese, and thin tin leaf on the 
other. Gussiot, with a series of 10,000 such discs, traced 
a slight chemical action on the hydriodate of potassa. Not 
the least chemical effect, however, could be traced with 
Singer's pile of 30,000 discs, upon De Luc's principle, not- 
withstanding its extraordinary electrical power. 

50. The action of this apparatus, if taken as a dry series, 
would go far in confirmation of Yolta's original view of the 
source of power in the pile (42) ; but then we cannot consider 

- it as an unquestionably dry pile, because there will be always 
sufScient moisture in the intermediate paper, or other semi- 
conducting substance interposed between the metals to 
convert it into a voltaic series of extremely low chemical 
power. In fact, when the paper is scorched dry by artificial 
heat, the apparatus does not act. 

51. On reviewing the respective merits of the contact 
and chemical theories of the source of power in the yoltaic 
pile, we find the facts in support of the chemical theory so 
overwhelming in every sense, that it is next to impossible to 
resist the conclusion, that chemical action is really the 
main spring of the whole machine. We find, for example, 
that chemical action does give rise to an evolution of 
electricity ; that the current force is entirely dependent on 
it, that when the chemical action diminishes or ceases, the 
current also diminishes or ceases : when the chemical 
action changes, the current changes: when there is no 
chemical action, there is no current; no case has ever 
arisen of electrical current in the voltaic apparatus without 
chemical action, and there is every ground for supposing 
that the force termed chemical affinity is identical with 
electrical force. Then again, Faraday has shown, that for 

* Elements of Electricity, pp. 461, 462. 



BBVIBW OF THE TWO TBEOBISB 01" THE PILE. 53 

a given quantity of water decomposed, a given definite 
quantity of electricity is transferred, — ^that the forces termed 
Chemical Affinity and Electricity are the same,* — so that the 
evolved electricity, and the decomposing electricity, is in 
amount precisely the same, 

52. On the other hand, the contact theory is embarrassed 
by anomalies and improbabilities in the nature of things. It 
assumes, that a current is called into action, and maintained 
by metallic contact alone : here we must assume the force 
of contact to be so balanced as to produce in any voltaic 
circle an effect equal to zero, (17) and whilst the metallic sub- 
stances in contact remain in every sense unchanged as 
regards their particles, they are supposed to actually dis- 
charge into each other; if any change of state or con- 
dition in their constituent particles were admitted, it 
would then become a chemical theory. The two metals, also 
by this hypothesis, are in opposite electrical states, the 
one being positive, the other negative, which states 
become at once destroyed by the intervening fluid, and 
recommence — ^but how ? The whole effect of the apparatus 
is by the theory a disturbance and reproduction of elec- 
trical equilibrium; it in no way supplies an explanation 
of the production and evolution of electricity. The force 
which is supposed competent to produce a change of 
electrical state in the metals, in respect of each other, is yet 
incompetent by the hypothesis to maintain the new state 
induced; and without any consumption whatever of the 
generating force, we are obliged to assume the production 
of a current continually flowing on, against a constant 
resistance ; this is not in the nature of things of which we 
have the least experience. There is no instance, in nature, 
of a production of power without a corresponding exhaus- 
tion of the source of the power. Now, in the chemical 
theory, the consumption of the original power is exactly 
equal to the force generated. If, as observed by Eoget, 

* Experimental UesearcYies, ^\%, *I%*5^. 
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" there could be a power of giving impulse in a constant 
direction, without being exhausted by its own action, it 
would essentially differ from every other known power in 
nature; all the powers and sources of motion, with the 
operation of which we are at all acquainted, when pro- 
ducing their peculiar effects, become exhausted in the same 
proportion as those effects are produced." * Now Voltia's 
electro-motive force continues unexhausted in the produc- 
tion of a never-ceasing effect. 

63. The several effects of the pile as hitherto known may 
be thus classed : — 

1st. Ordinary electrical effects : attraction ; repulsion ; the 
spark ; shock, &c. 

2nd. Physiological effects : action on the animal body before 
and after death ; muscular motion and convulsive actions 
excited in a recently living body, and all the activity of life 
called back after death. 

Brd. Chemical effects : decomposition and transfer of 
various bodies through solids and fluids ; recomposition of 
decomposed bodies, Ac. 

4th. Heating effects : metallic wires made white hot or 
melted; metallic leaves burned, and inflammable matter 
ignited. 

6th. Electrical and magnetic effects of current force : iron 
and steel magnetised ; all metallic bodies rendered magnetic ; 
the compass needle deflected from its meridian according 
to certain laws by any metallic wire joining the poles of 
the pile ; evolution of Electricity hj induced current force. 

We propose to treat these several effects of the electro- 
motive apparatus in the order they here stand. It will first, 
however, be desirable to describe briefly the several philo- 
sophical instruments requisite to a clear experimental 
illustration, elucidation, and investigation of this wonderful 
physical subject. 

* Library of Useful Knowledge, article "Galvanism," (113.) 
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CHAPTEE III. 

Apparatus employed in invest5gations of Voltaic action — The Condenser — 
Electroscopes and Electrometers — Cmicksliank's Trough — Wollaston*s 
Battery — Darnell's constant Bal^tery — Smee*s Battery — Nitric Add 
Battery of Grove — Other Voltuc-battery airaDgements — Voltameter 
by Faraday — Thermo-Electrometers — Various forms of Galvanometer 
— ^Wheatstone's Rheostat — Eheotomes and Reophores. 

54. The principal pHilosopbical apparatus requisite to an 
experimental investigation of voltaic electricity, may be 
classed as follows : — 

1. Instruments for detecting and meajsniring small quan- 
tities of electricity. 

2. Various improved forms of the voltaic series for the 
production of electro-motive force. 

3. Instruments for measuring the heating and chemical 
powers of the series. 

4. The galvanometer and other instruments for estimating 
current magnetic force. 

INSTRUMENTS FOR DETECTING SMALL QUANTITIES OF 
ELECTRICITY. 

THE CONDENSER. 

65. The first and perhaps the most important of this 
class of instrument is the condenser, briefly described and 
ezplaiued in our Rudimentary Electricity, page 64. It was, 
as we have seen (16), by the aid of this instrument that 
Volta succeeded in demonstrating the electrical develop- 
ment incidental to the contact of dissimilar metals ; it 
hence demands an attentive and further consideration. 

Volta invented this very ingenious method of detecting 
minute quantities of electricity, otherma^ m^^x^sS^^b \k» Sic^ 
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most delicate electrometer, many years before his discovery 
of the pile. The instrument, as he constructed it, was of a 
very simple form, — it was merely a circular conducting 
plane, resting on a similar but imperfectly conducting plane 
beneath ; such, for example, as a plate of baked wood or dry 
marble. When an insensibly electrified body is caused to 
touch the upper conducting plane, such is the influence of 
the imperfect conducting base on which it rests, that how- 
ever small may be the (juantity of electricity in the weakly 
charged substance, it enables the upper plate to absorb or 
take up the whole of it, and render it sensible to the electro- 
meter ; and this it does in virtue of the principle termed 
Induction ; * that is to say, the imperfectly conducting base, 
backed by the influence of the great mass of the earth, 
determines the whole charge toward itself ; yet it is suffi- 
ciently non-conducting, to prevent a dissipation of the 
charge. The charge, therefore, accumulates in points of the 
conducting plane, the nearest to the imperfect conductor 
below; when we remove the upper conducting plate, it 
ceases to be under the influence of the mass of the earth 
through the imperfect conductor beneath; and now the 
whole of the small charge which had become collected on it, 
is, as it were, set free, and in this way it is made sensible to 
the electrometer. The upper plate has been called the 
Collector, and the inferior plate the Condenser ; Volta calls 
it a " conjugate " conductor. The title of his memoir on 
this ingenious instrument is, "sur les grands avantages 
d'une espece d'isolement tres imparfait," — a title every way- 
expressive of the fact. 

56. In applying this principle, electricians commonly 
employ two perfect conducting planes, one connected with 
the earth, the other insulated, and placed very near the 
first ; the two surfaces being separated by some extremely 
thin insulating medium, such as varnished silk, or thin oiled 

* Bndimentary Electricity, p. 15 (20). 
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paper^ or in fact any insulator ; a thin plate of air answers 
extremely well. The larger the conducting plates, the 
more powerful the condenser is thought to be. It is 
difficult to obtain plain circular or other conductors of any 
great size sufficiently light for the purpose. The following, 
howeyer, is an efficient method of constructing such planes, 
and forming an efficient instrument. 

67, Let rough circular segments of some dry light wood be 
glued together, so as to form a wide circular rim about an 
inch or more wide, — these pieces may be about the Jth 
of an inch thick, — ^the grain and joints of the wood should 
be crossed in gluing the pieces together ; when dry, let this 
circular rim be fixed in a lathe, and turned true both upon 
its external and internal circumference, and be then crossed 
by two light diameters to give it further strength, and to 
sustain the whole plate when fixed on an in- _. ^n 
sulator, as represented in the annexed 
figure 21. The edges are to be covered /^^P"'N\ 
with silver or gold leaf, and silvered or / / J\ ^ ] 
gilded paper is to be gently strained over ir \f jl 
the two faces. In this way we may obtain \SJ L^'V^ 
an extremely light flat plate, well adapted to 
this class of experiment ; a plane of 18 inches diameter, 
constructed in this way, weighs about 8 oz. ; a plate 10 
inches diameter, 4 oz. : each disc should have a small brass 
plate fixed in the centre to receive an insulating or other 
handle.* 

68. A powerful condenser may be obtained by the close 
approximation of two discs, such as just described, of about 
a foot in diameter, and arranged as in fig. 22, which will be 
found an available and simple form of this valuable instru- 
ment. The lower or condensing plate a is placed on a 

* The paper, preyiously to being silvered or gilded, should be strained 
on a board ; when silvered, should be allowed to diy : the circle is then 
cut out and applied to the face of the plate by paste round the wide rim 
of the circumference. 
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Fig. 22. 
Q 




vertical conducting su|^ort, ^hich may be a light brass 
tube terminating in a small circular disc of wood of about 
3 inches in diamteter, sufficiently large to sustain the plate 
easily at its centre o. The collect- 
ing or upper plate b, haying an in- 
sulating handle o, is placed imme- 
diately over the lower plate, and 
rests upon three varnished glass 
pins, 1, 2, 3, inserted into the con- 
densing plate A, near its circumfer- 
ence, at equal distances apart ; these 
points project about -j^^yth or 3^^th 
of an inch ; they are made of small 
MJ glass rods, about the -xt^h of an 

inch in diameter, carefully varnished 
with shell-lac. "We have in this case 
what may be considered as a plate 
of air of ^^^th of an inch thick inter- 
posed between the two planes ; the plates, in fact, wiU be 
separate the yV*^ ^^ *^ inch, consequently they will not 
touch. 

"When we desire to detect a small quantity of electricity 
in any given insulated body n, we apply n to the collecting 
plate B, and after removing n raise the collecting plate by 
its insulator handle t o, and then transfer it to the particular 
electroscope we have selected to examine the result. If 
the lower plate be insulated on a glass rod, the two plates 
A B become collectors and condensers reciprocally whenever 
we apply opposite electricities to each ; as in the case of 
Volta's experiments (15), with insulated discs of metal. 

59. The student must not imagine that the condenser 
exercises any magic influence upon the developed electricity 
by which it is either multiplied, or its force increased. The 
only active operation of the condenser is to absorb or take 
up, under the inductive influence of the condensing or 
conjugate conductor, small portions of electricity, to which 
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the collecting plate would be otherwise insensible, and 
which uniting in the collecting plate sensibly affecti 
delicate electroscopes whenever the collecting plate is 
removed from the influence of the condensing plate opposed 
to it. The condenser, therefore, as is evident, no more 
multiplies electrical force, than a mechanical machine multi- 
plies mechanical force ; all it does is to render a small force 
sensible through the intervention of secondary means ; and, 
so far, like the mechanical machine, it maj be considered to 
effect an application of power, which without it could not 
be applied at all. 



ELEOTBOSOOFES AND ELECTBOMETEBS. 

60. The electroscopes and electrometers usually employed 
in conjunction with the condenser, are principally those 
described, (Eudimentary Electricity, chap, iii.) such for 
example as the single and double gold-leaf electroscopes, 
the electrical needle, the diverging reeds of Cavendish, the 
refined and sensitively suspended wires of Cavallo, Cou- 
lombe's balance of torsion, and the two-threaded or bifilar 
balance of the author. Volta himself employed an electro- 
scope formed of two reeds of straw delicately hung within 
a glass receiver, and estimated the tension of the developed 
electricity by the small degrees of divergence imparted to 
them. 

61. Of this class of instrument the finely-hung needle as 
used by Coulombe is one of the most sensitive. The following 
arrangement, represented in the annexed fig. 23, will be 
found efficient and available : — A light ball of cork or pith, 
a, carrying a fine electrical needle, a b, is suspended within 
a glass receiver by an extremely fine filament of unspun 
silk, as represented in the figure; the needle ah ia con- 
structed of a short piece of fine straw-reed terminating in 
a stout thread of glass varnished with shell-lac, or in a 
thread of lac or other insulator; at the end of tJoas^ ^^qs«?^^ 
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is a disc of gilt paper, h, of about half an inch or more in 
diameter. The side of the receiver is perforated for the 
passage of an insulated wire c d, carrying at its inner 

extremity d a conducting disc 
similar to the disc 5, fixed on the 
end of the needle ; and the whole 
is so circumstanced as to admit 
of the two discs reposing lightly- 
in contact with each other; the 
exterior extremity of the wire 
c d terminates in a small gilded 
ball or otherwise in a collecting 
plate, immediately under which 
is placed a condensing plate m, 
which by means of a sliding tube 
of brass may be brought as close 
to the collecting plate c as we 
please, or otherwise be removed 
from it by depressing the slide. 

When the least quantity of electricity is communicated 
to the ball c, the disc h of the needle separates by repulsion 
from the disc d of the fixed wire c d. Coulombe, who con- 
structed electroscopes with this kind of suspension, states, 
that " it only requires a force of the -^ thousandth part of 
a grain acting upon a lever of an inch long to turn the 
needle through a whole circle or 360 degrees." Excited 
sealing-wax presented to the fixed rod c d at & distance of 
three feet caused the needle to diverge 90 degrees. The 
electroscope alluded to was less than six inches in diameter, 
the insulating stem of the needle being a thread of gum- 
lac 12 lines long ; and the suspension silk 4 inches long, tlie 
whole did not weigh half a grain.* 

62. Stn^le-leaf Electroscope^ with electrical column. The 
electrical column explained, and described (48) may be 
employed with advantage in increasing the sensibility of the 

* M^moires de rAcatUmie, for 1785. 
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gold-leaf electroscope, and in detecting the presence of minute 
quantities of electricity. Pig. 24 represents a compound 
instrument of this kind — at once simple and effectual. 

A dry pile z s (48) containing from three to five hundred 
pieces is sustained horizontallj on an insulator immediately 
before a globular glass, in which is suspended in the usual 
way a single strip of leaf gold m ; the glass is perforated 
on each side in points 
diametrically opposite, ^^^' 

for the passage of two 
stout metallic wires p a, 
n h, completely insulated 
in passing through the 
glass: these wires ter- 
minate within in two 
gilded half balls of about 
half an inch in diameter; 
the suspended leaf q m 
hangs midway between 
their flat surfaces, the 
exterior extremities, p », 
of the wires terminate 
in small gilt balls ; these 
are connected when re- 
quired by conducting cross wires p z,n8, with the opposite 
extremities zs oi the electrical column. "When a very weakly 
charged body is applied to the collecting plate p, the leaf 
q m becomes drawn to the positive or negative surface a h 
according as the electricity is negative or positive. The 
glass in which the leaf is hung is mounted on a curved rod, 
as seen in the figure, so as to allow of its projecting in such 
way as to afford the means of opening the cap which closes 
the lower end of the glass and drying the interior by 
artificial heat. If a condenser be placed in connexion with 
the plate p, either as a separate system or as resorted to 
by Volta (15) fig. 9, the instrument becoma^ ^t^*^^^^ 
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valuable as a means of detecting minute quantities of tree 
electricity. M. Bohnenberger, Professor of PhyBics at 
Tubingen, invented sa electroscope of tbis kind in wbich 
tbe single leaf was suspended between tbe opposite poles of 
two separate dry piles. His instrument appears to bave 
been so sensitive tbat a small stick of gum-lac, excited by 
cloth, affected tbe leaf at a distance of five or six feet.* 

63. Tbe author has occasionally substituted for the dry 
pile two small narrow coated phials united at their bases 
in a ring of wood^ and insulated so as to stand horizon- 
tally in reverse directions. These being weakly charged, 
one positively, the other negatively, are very efficient in 
determining the motions of the suspended leaf in either 
direction ; a mere residuum of a charge is sufficient. 
A very delicate instrument of this kind may be also con- 
structed without the aid of the electrical column, z «, fig. 24, 
in substituting circular discs for the balls p «i, and bringing 
two small coated phials, weakly and oppositely charged, to 
act upon the wires and discs p a, nh ; the charging rods 
of the jars terminating in equal and similar discs. In this 
^^Ji hy varying the distance between the charged and 
neutral discs, we may impart to the half balls a 5, on each 
side the leaf, any degree of positive or negative influence we 
require. 

64. Bifilar condensing JElectrometer. — This instrument, 
invented by the author, will be found extremely efficient in 
detecting and actually measuring small quantities of 
electricity. 

A light needle a 5, figs. 25 and 26, about five inches in 
length is suspended within a glass cylinder by two filaments 
of unspun silk ; the filaments are set parallel to each other 
on each side of the centre of the needle at about the fifth of 
an inch apart, as represented in fig. 26. The centre portion, 
c df of the needle is a short piece of varnished reed-straw 
about two inches in length ; stout pieces of thread glass, c a 

• Ann. de Ch., t. xvi. 
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and dh, yamisbed with gum-lac, or any other insulator, 
carrying light gilt discs, a h, of half an inch in diameter, are 



Fig. 25. 




Fig. 26. 
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inserted into the opposite ends of the reed, the whole being 
in one straight line, and constituting a light needle of about 
five inches in length. 

This electrical needle is sustained and suspended in the 
following manner : — ^there is a central wire-rod, t u, about 
three inches in length, terminating in small metallic balls, 
t w, about a fourth of an inch in diameter ; the bifilar silks 
pass through a central horizontal hole in the upper ball t, 
and are secured aboye in a hole through the suspension 
wire to, by small pegs of wood; the central reed of the needle 
passes also through the ball t by which it is sustained in a 
horizontal position with sufficient friction ; the lower metal 
ball carries an index at u adapted to a graduated arc x y, at 
the bottom of the receiver, fig. 26, so as to show clearly the 
least amount of deflection of the needle from its quiescent 
position ; this index is similar to the needle above, and is 
sustained in a similar way, being a short central reed 
terminating in a glass thread ; there is a small hole in the 
under part of the ball u, to admit of it^ ^«:fvs!i% ^'y^ m 
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about a fine steel central pin, and by which any undue 
amount of oscillation of the suspension is preyented, and 
the central position of the needle preserved ; the dimensions 
of the suspension-rod to above, and the small ball t below, 
are so adjusted as to place the suspension threads about the 
one-fifth of an inch apart. The whole of the suspension 
apparatus, together with the needle, is sustained by a tube 
of glass about an inch in diameter fixed centrally in a glass 
plate or a plate of varnished wood, so that the needle 
with its index when duly adjusted may be easily let 
down and placed within the glass cylinder beneath, which 
hence becomes completely closed. To prevent the bifilar 
threads from crossing upon each other when the needle a b 
is deflected up to an arc of 90 degrees, there is a small stay 
of cork A, at their central portions h, and through which 
they pass. The needle, fig. 25, is represented in a state of 
divergence. 

The glass cylinder is pierced at two opposite points of its 
circumference for the passage of two light metallic rods, e 7n, 
g n ; these rods are sustained by cork plugs fitted in the hole 
in the glass ; the glass is carefully varnished round these 
openings ; the extremities of the rods, e m,- g n, within the 
glass carry circular discs of gilded paper m, n corresponding 
with the discs «, h on the needle ; their extremities without 
the receiver, support small collecting plates ef,ghoi about 
two inches diameter. These collecting plates have corre- 
sponding condensing plates q, r fixed on small tubes of brass 
made to slide within exterior tubes, so as to be withdrawn 
or approximated to the upper condensing plate at pleasure, 
as indicated in the figure ; the whole is fixed on a convenient 
elliptical base supported on three levelling screws ; the 
fixed discs m n are so placed in respect of the discs ab of 
the needle, as to admit of the forces repulsing the needle in 
opposite directions, one being on the one side of the needle 
disc, and the other on the opposite side. The delicacy of 
this sort of suspension, if we employ filaments of silk suffi- 
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ciently fine, is quite wonderful, whilst the reactive force of 
the double silks is available as a measure.*' 

65. To detect minute electrical development by means of 
this instrument, as for example the electricity of metallic con- 
tact (15), we place the large condensing plate just described 
(58) on an insulated rod, the collecting plate resting- above 
it in the way already explained (68) ; then, having made 
repeated contacts with the metallic plates, the subjects of 
experiment, and applied them, one to the upper plate a, the 
other to the lower plate b of the condenser, fig. 22 (58), we 
proceed to transfer the electricity of these plates a B of the 
large condenser to the small collecting plates ef,ghoi the 
electroscope (fig. 25). If required we repeat this operation 
several times ; we then remove the lower small condensing 
plates q, r by depressing the slides, and the needle of the 
electroscope diverges on one side with positive, on the other 
with negative electricity: when the amount of deflection of the 
needle is small, the quantity of electricity will be nearly as 
the angle of divergence in degrees of the graduated arc x y, 

Q(^. Many instruments have been invented as a means of 
further increasing the action of the condenser (58), and of 
multiplying the effect of Volta's original contrivance; these 
have been termed "doublers," " multipliers," and such like. 
Unfortunately their operation is very precarious and equi- 
vocal, inasmuch as they may themselves produce in the course 
of the manipulation the very developments of electricity 
they are supposed to detect ; they are so far to be avoided. 
On similar grounds we avoid the use of thick varnishes, var- 
nished silk, or varnished papers, which are sometimes inter- 
posed between the collecting and condensing plates, or 
with which the condensing plate was not unfrequently pern 
manently covered (56) ; the least friction in the application of 
the collecting plate, or any other casual disturbance, would 
be a source of electrical excitation ; Volta's original method 
of laying the collecting plate on an imperfectly insulating 

♦ Phil. Trans, fox IS^ft, ^. Wi , ^ 
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base, such bb baked wood, must be guardedly followed on 
the same principle. The safest construction is that just 
described (58), and the most unexceptionable means of 
enlarging the eflPect is by the transfer of the first collector 
to the small plate of a second condenser attached to the 
electrometer, as first contrived by Carallo (65). 

67. Oalvanoecope Ihrog. — The prepared frog, as we have 
already seen (9), is very sensitive to electrical action ; it is 
hence an extremely delicate electroscope when applied to 
detect minute quantities of animal electricity. The most 
approved method of preparing the frog for this pur- 
pose, is to cut it through the middle of the pelvis. The 
muscles of the thigh are then carefully separated, and one 
of the lumbar plexuses of nerves is to be divided as it 
passes out of the vertebral column. We have then the 
leg of the frog united to its long nervous filament com- 
posed of the lumbar plexus, and of its prolongation in the 
thigh, that is to say, the crural nerve. This preparation 
is directed by Matteuchi to be guarded in a varnished 
tube of glass, as shownt in the annexed figure 27. In apply- 

Fig. 27. 



ing it, we hold the tube in the hand, and bring any two 
parts of the frog we wish to examine in contact with the 
nervous filament p, but at separate and distant points of it. 
Contractions then ensue in the muscular portions within 
the tube. The disagreeable process of preparation, and 
the apparent cruelty of it, is very unfavourable to a general 
use of this test of electrical action, except under very pecu- 
liar circumstances. A variety of other forms of electro- 
scopic instruments might be here quoted, but it seems 
unnecessary to our present purpose to extend this subject 
further. The student will find a full description of such 
instruments in our Rudimentary Electricity, chap. iii. 
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68. CruickshanJe's Trough, — This form of Volta's series 
was invented bj Mr. Cruickshank of Woolwich, and was 
the first great step in facilitating the application of the pile 
as an instrument of physical research. We have already 
seen (30) that many inconveniences attend the apparatus 
as constructed by Volta, beside that its power was to a 
great extent limited ; immediately therefore that the account 
of Volta's discovery reached this country in 1800, Cniick- 
shank conceived the idea of converting the pile into a 
more permanently active and powerful apparatus. This he 
effected by means of fixed ceUs in a long narrow insulating 
trough, of which the several pairs of metallic plates themselves 
formed the partitions. He was thus enabled to interpose 
a mass of fluid between each pair of plates without the aid of 
any absorbing substance foreign to the experiment. This 
apparatus is represented in figs. 28 and 29. It consists of a 
Fig. 28. Fig. 29. 
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water-tight trough, p K, fig. 28, of baked mahogany, put 
together with white-lead ; it is -usually about 4 inches square 
and about 30 inches in length, and may contain a series 
of about 50 pairs of plates 3 inches square, soldered together 
and fixed parallel to each other by cement, in grooves cut in 
the opposite sides and bottom of the trough, as indicated in 
the figures; the order being (copper, zinc) (copper, zinc,) &c. 
The sides and bottom of the trough may be coated also with 
the same electrical cement.* This apparatus is excited by 

* A good cement for this purpose is obtained by melting together in 
an earthen pipkin five parts of rosin and four parts bees' -wax^ mA ^2s^sss^ 
adding gradually two parts of powdered red ocYare. ^ 
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pouring water or a saline fluid into the intervening cells: we 
thus complete a series in the order of | c z f\ c z f\ and 
c z I as indicated in fig. 29 ; or, according to the chemical 
theory of the pile (44), in the order of[c | zfc \ z fc \ 
z. I The first copper plate c on the left, and the last 
zinc plate z on the right, fig. 29, not having the least 
influence in augmenting the power of the series (34). 
Bemove these, therefore, or consider them merely as the 
doors of the pile (34); then we convert the series (c zf,) 
(o z /,) (c z,) &c., into I z /c I z /c I zfc \ &c. 

69. In this trough battery, as commonly constructed ac- 
cording to the contact theory, the negative pole or extremity 
has been called the copper pole, and the positive pole or 
extremity the zinc pole. The fluid generally employed for 
excitation, is, nitric acid of commerce 1 part, water 16 parts. 
"Water acidulated with the sulphuric or muriatic acids may 
be also used. An effective acid solution is obtained by 
mixing 1 part nitric acid with 1 part sulphuric, in 60 parts 
water; or 2 parts sulphuric acid, 1 nitric, and 80 water. 
When a number of troughs are united, so as to obtain a 
series of two to three hundred pairs of plates, a battery of 
great power is obtained. 

70. Battery of the Boyal Institutions—The preceding 
arrangement, although very efficient, is still attended by 
some inconvenience, especially in removing the liquid from 
the plates. If the plates are large or numerous, the appa- 
ratus is very heavy. It is also difficult to renovate the 
surface of the zinc plates when covered with oxide. To 
avoid this, it was proposed by Dr. Babington to complete an 
independent cellular trough, with glass partitions, or par- 
titions of some other bad conducting substance, to con- 
tain the dilute acid ; and having arranged the metal plates 
under Volta's form of the " Couronne de tasses " (31), to 
place them in, or remove them from the liquid at pleasure. 
Porcelain troughs in Wedgwood ware, with partitions, have 
been employed with success ; and for greater expedition in 
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immersing or removing the plates from the liquid, they were 
affixed to a bar of baked wood. This arrangement is indi- 
cated in fig. 30, in which two pairs 
of plates only are represented. The 
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most perfect insulation would be a 
varnished trough of baked mahogany, 
having distinct flat cells of glass 
fitted in it, closely packed together. 
The battery in the laboratory of 
the B/Oyal Institution, placed at the 
command of Sir H. Davy in 1810, 
consisted of 200 porcelain troughs, each containing 10 double 
plates 4 inches square, the whole number of double plates 
being 2000 ; each pair of plates had a surface of 32 square 
inches taken together, so that the whole surface amounted to 
128,000 square inches. 

71. Mr. Children, F.E.S., had constructed about the same 
period, viz. 1809, several gigantic batteries, one consisting of 
copper and zinc plates, 4 feet high by 2 wide, excited by 120 
gallons of fluid ; and another of plates, 6 feet high by 2 feet 

5 inch. wide. These plates were managed by suspension-pul- 
leys and balance-weights. The power was such as to render 

6 feet of thick platinum wire red hot. Napoleon I. had a great 
battery of the same kind constructed for the Polytechnic 
School, containing 600 pairs of plates about a foot square 
each, the whole battery exposing 600 square feet of surface. 

72. Wollaston^s Battery, — Some years after the construc- 
tion of the former battery (70), Dr. WoUaston showed,* 
that by increasing the quantity of copper or negative con- 
ductor, the power of the series became augmented, and 
recommended that each cell should contain two copper 
plates, one on each side the zinc plate, so that both surfaces 
of the zinc plate might be exposed to the action of the 
copper surface. To effect this the copper plate is increased 
in length, and bent round and under the zinc plate, which 

* Phil. Trana., \%\5. \ 
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thus becomes placed m the interval between the folds, as 
indicated in the adjoining fig. 31, which is a mere diagram 
representing two pairs of plates with double copper in 
adjoining cells — the zinc plate of the one connecting with 
the copper of the following. The author of this little work, 
in a paper read at the Eoyal Society of Edinburgh, in 
December 1831, examined the law 
of action as regarded the distance of 
the plates and Hhe quantity of the 
negative metal, and showed that not 
only is a great increase of power 
obtained by doubling the copper sur- 
face as in Wollaston's arrangement, 
but that the power is still further 
augmented by a still further increase of the copper sur&ce, 
being principally limited by the increased distance at which 
ib is requisite to place the additional plates of copper ex- 
ternally to the zinc* 

73. Many forms of the Voltaic battery upon this principle 
have been since devised. In some a series of cylindrical 
glass vessels have been used as cells, and the copper and 
zinc plates rolled round each other in a cylindrical form, or 
associated as simple cylinders, with interposed haircloth or 
other bad conducting matter, to prevent their touching. 
The American philosopher, Professor Hare, produced an 
effective battery of this description, which he calls a Defia- 
grator, from its intense heating power at the instant the 
several elements are simultaneously immersed in the acid 
solution. A similar helical battery was subsequently con- 
structed for the University of Prance; it consists of 12 
helical coils, each containing 60 square feet of surface. 
These coils, by appropriate machinery, can be lowered into 
or raised out of the acid solution at pleasure. The heating 
power of this battery is intense. 

Pepys in 1821 constructed an helical coil, for the London 



* Bd. PbU. Tnns. toI. xii. 
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Fig. 32. 



Institution, of enormous power and dimensions, consisting of 
a sheet of zinc and one of copper, each 50 feet long bj 2 
feet wide, wound round each other upon a cylindrical barrel, 
with intervening horsehair to keep the metals out of contact. 
This coil was let down by pulleys into a large vat containing 
150 gallons of acid solution. 

Mr. Hart, of Glasgow, observing the influence of the folded 
copper of WoUaston's arrangement, conceived the idea of 
converting the copper plate into an inde- 
pendent cell to contain the acid solution, 
placing the zinc plate within it. Several con- 
venient arrangements of this kind, of various 
forms, have hence arisen, of which the simple 
cylindrical battery shown in the adjoining 
figure 32 is perhaps the best. It is evident 
that the copper sur&ce o, in this battery, 
within and without the zinc sur&ce », may 
be considerably increased by additional 
copper cylinders concentrically placed in 
the cylindrical copper cell about the zinc. 

74. At the time of these several improvements in Yolta's 
original apparatus, the theoiy, or rather principles, of its 
action were not well ascertsuned, whilst many important 
practical results remained undiscovered. The consequence 
was, that although the first effect of the new arrangements 
was powerfully brilliant, yet the action soon declined. 
The acid solution continuing to dissolve the oxide of zinc 
formed on the surface of the zinc plate (30), soon becomes 
exhausted of what may be called its constitutional power ; 
it not only ceases to act further on the zinc, but its con- 
ducting power is much impeded. The hydrogen also set 
free at the negative plate (46) is very destructive of the 
battery power ; it adheres to the surfiice of the negative 
metal, and so deteriorates its operation. It further tends to 
call up the zinc dissolved in the add into its previous mel 
state, aud deposit it on the copper ', so tkont ^^ %.\»\t9ifi^ 




ital^^ 



72 



BUDIMBNTABY OiiLYANISM. 



Tirtually two zinc plates opposed, instead of a zinc and 
copper plate. Beside all this, we have a local action on 
the impure zinc plate itself, hy which it becomes rapidly- 
destroyed, and portions of it are thus thrown out of 
action (30). These and other disturbing causes arising out 
of particular chemical actions peculiar to the especial case — 
to say nothing of the nitrous acid fumes found to arise 
from the cells — 4II tend to a destruction of power in the 
several forms of the voltaic apparatus just described. The 
discovery of the little action of dilute sulphuric acid on 
pure zinc, or on amalgamated zinc (30), is certainly effectual 
in removing some of these difficulties, but it does not remove 
them altogether. * 

'75. DanielVs Constant Battery. — Things remained pretty 
much in this state up to the year 1836, and experimentalists 
still continued to struggle with the palpable defects of what 
have been since termed one-fluid batteries ; when the late 
and much-to-be-lamented Professor Daniell, of King's 
College, London, discovered and applied an effectual means 
of preserving the power and continuing the action of the 
apparatus for a very considerable time. This battery, a 
single cell of which is represented 
in the annexed fig. 33, consists of 
an association of two metals with 
two fluids. "We have first a copper 
cell, 0, about 3 J inches in diame- 
ter and 6 inches high. This cell has 
a perforated copper shelf q q near 
its upper end, with a hole through 
ifcs centre, as seen in the figui'e. 
Within the copper cell is a second 
cylinder or cell d d, made of some 
porous substance, such as porous 
earth or animal membrane. Within 
this porous cell there is a solid cylinder of amalgamated zinc 
« z. The outer copper cell, 0, is filled with a saturated 
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solution of sulphate of copper, commonly called blue 
vitriol, having a little excess of acid added to it; and crystals 
of the same salt are heaped on the perforated shelf q q. 
The interior porous cylinder d d, within which is placed tho 
amalgamated zinc, is filled with diluted sulphuric acid in 
the proportion of about 1 part acid to 20 parts water. The 
connexions with the opposite poles or electrodes are made 
by communications o h and z y, through the compressing 
screws at o z. Under this arrangement no action ensues 
before the circuit o 5 y z is complete — that is, if the surface 
of the zinc cylinder be effectually amalgamated with mercury 
(30). When, however, the circuit is made complete, then 
a vivid and sustained action commences, which will continue 
pretty constant for some eight to ten hours ; after which 
time, the interior of the copper cell, o c, will be found 
coated with pure copper. The crystals of the sulphate of 
copper will have become dissolved, the solution will have 
become paler, and the dilute sulphuric acid will have 
become pretty nearly saturated with oxide of zinc. It now 
becomes necessary to renovate the exhausted elements 
before the battery is again fit for use. 

76. The points of value in this arrangement, and the 
principles of its operation, are these. First, The hydrogen, 
evolved (44) unites immediately in its nascent state with 
the oxygen of the dissolved oxide of zinc, and hence does 
not appear at all. Secondly, instead of zinc being revived 
by the hydrogen and deposited on the copper (74), to the 
great deterioration of the voltaic action, copper is revived 
and deposited, which is favourable to it. The porous 
cell separates the solution of copper from the zinc, and 
hence local action is prevented. No fumes of any kind 
arise, and the only limits to its action appear to be the 
consumption of the zinc, the consequent saturation of 
the dilute sulphuric acid in the porous cell n n, and the 
exhaustion of the copper solution in the external copper ^m 
cell c 0. This last is in great measure ^jtoxvda^lcstVj^Owi^^ 
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supply of the crystals of sulphate of copper on the colander 
shelf q q. The saturation of the zinc solution, and the 
consumption of the metal, can only be met by renewal ; 
still the rapidity of this is not so great as to prevent a 
constant action in the battery for many hours. There 
remains still to be considered, as observed by Professor 
Daniell, the minor aflinity of the copper for the acid. We 
can only meet this by using plates of platinum, and causing 
a perpetual renewal of them by the decomposition in the 
circuit of chloride of platinum; but this would be too 
costly.* 

"When a number of cells are united in the ordinary 
way (27), by connecting the zinc pole of the one with 
the copper of the other, we obtain a battery of immense 
power. Two dozen cells are ample for any ordinary pur- 
pose, especially when excited with hQt solutions, which is 
found to increase the power considerably. The inventor of 
this very splendid arrangement has determined that for a 
given zinc surface the action is the same, whatever the 
diameter of the copper cylinder. The resistance to be 
overcome is as the distance between the metals directly 
and as their common section inversely.f 
• Many voltaic batteries upon this principle with two 
fluids have been since constructed. It is, however, to Pro- 
fessor Darnell's intellectual researches solely that we owe 
this great advance in Voltaic electricity. 

77. Grove's MtHc Acid Batter^/. — ^This battery, which 
is perhaps the most powerful combination yet arrived 
at, is based upon similar principles to those of the Con- 
stant Battery of Daniell. In this arrangement, the two 
fluids employed are dilute sulphuric acid and strong 
nitric acid, kept apart from each other by partitions of 
porous earthenware. The metals are zinc and platinum^ 



* Chemical Philosopliy, p. 505. 
^ i*" The common section is equal to the mean between the two snrfaoes. 
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Fig. 34. 




The annexed fig. 34 represents one cell of this battery. 
The ceils consist of troughs of glass or earthenware, a. b, 
acid proof. Within each of these 
is placed a porous earthenware cell 
h c. This porous cell contains con- 
centrated nitro-sulphuric acid — that 
is, nitric and sulphuric acids in 
equal parts. The exterior cell, or 
space, jl h d, contains dilute sul- 
phuric or muriatic acid in the pro- 
portion of one part acid to about 
three of water ; h ciaeL plate of pla- 
tinum foil immersed in the concen- 
trated acid in the porous cell, and z d 
is a plate of amalgamated zinc bent 

round and under the platinum plate in the exterior cell A D, 
containing the dilute acid; ^ z is the connecting rod to the pre- 
ceding platinum plate p, and h y the connecting rod to the 
next zinc plate y. The platinum and zinc plates are united 
by small clamp screws, and the series is so mechanically 
disposed as to exactly fit the successive cells. 

78. The action of this battery is wonderfully brilliant 
and powerful. The conducting power of the liquid is very 
perfect. The hydrogen evolved is immediately taken up 
by the acid in which the platinum plate is immersed, and 
decomposes it; so that powerful fumes of nitrous gas 
become evolved as the battery works; therefore the acid 
changes colour and becomes paler. There is no counter- 
precipitation of zinc, as in the one-fluid battery (74), nor is 
there any copper precipation as in the Constant Battery (75)^ 
There being no metallic precipitation at all, we have no 
counter-action ; and since the nitric acid of this battery- 
parts with its oxygen more easily than the solution of the 
sulphate of copper, in the constant battery, resistance is dimi- 
nished and the power increased. StiU, for extensive prao- 
tical working, the Constant Eattery oi T^«ck\!^S& 
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Fig. 35. 



conyenient and is attended by less difficult j ; and it 
free from the offensive fumes of nitrous gas. 

79. Smee^s Battery, — An extremely simple audcoi 
arrangement of a one-fluid battery, by Mr. Smee^ 
notice here. In this arrangement the inventor av 
self of a property of rough metallic surfaces, to t 
or to get clear of hydrogen gas deposited od them ; 
surfaces cannot do this, and this constituted oue soarci 
culty in the progressive. march of Voltaic combinatio 
The arrangement is very easy and simple. It ii 
sented in the annexed fig. 35 ; in which s ^ it^ a 
silver, covered with a finely divided p' 
platinum, and which Smee calls platinizi 
This plate is fixed between two plate; 
z z, through the intervention of a bar 
The zinc plates are united and secured 
the wood by clamps passing over the 
plate to plate. The platinized silver is 
^ from touching the zinc by interuiediati 
^ of cork covered with sealing-wax. The 
^ ing wires of the opposite electrodes are 
^1 the points z s, one from the zinc pla| 
other from the platinum. The met; 
arranged are placed in any glass or other appropriai 
containing dilute sulphuric acid, in the proportion 
acid to 7 parts water. When so placed, hydrogen ii 
off freely with a hissing noise, and a large q 
electricity is evolved. The characteristic of this 
its great simplicity and power. Platinum may be em 
or palladium, but the surface must be roughened b 
paper. When silver is employed, the surface is ^rst 
over with a little strong nitric acid ; this gives it a 
appearance ; it is then washed and placed in dilute s 
acid, containing a few drops of nitro-mnriate of pla 
On introducing a small plate of zinc placed in a poro 
containing dilute sulphuric acid, and making contact 
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the metals, the platinum is deposited upon the silver, and 
constitutes what has been termed platinized silver. 

Iron is effectual when rubbed over with nitro-muriate 
of platinum. Mr. Smee, considering the mechanical action of 
the rough surface in clearing the plate of hydrogen gas, has 
termed this arrarfgement "the chemico-mechanical battery." 

From the dense atmosphere evolved between the metal 
plates. Grove recommends the use of platinized gauze, so as 
to bring the plates nearer together. 

80. The following brief reference to, and enumeration of, 
several valuable forms of the voltaic apparatus may not be 
altogether out of place in concluding this notice of successive 
improvements on Volta's original pile. 

Kemp*8 Pile — consists of a series of zinc plates, fluid 
mercury, and dilute muriatic acid. The fluid mercury and 
dilute acid are placed in a shallow box-wood cup. The zinc 
plate is held beneath the cup by a central wire passing 
up iato the mercury. A series of these combinations are 
placed one over the other, so that the zinc plate under the 
cup of one becomes immersed in the dilute acid of the cup 
beneath. We thus obtain the series — zinc, mercury, dilute 
acid. In this pile the negative metal is a fluid. The arrange- 
ment, however, was not found so efficient as anticipated. 

Kemp's Amalgam FiU, — The meQhanical arrangement is 
similar to the former, but here the plate below the wood 
cup is copper, and an amalgam of zinc and mercury in a 
fluid state is substituted for the mercury* The liquid is 
dilute muriatic acid and muriate of soda. This pile was 
found active ; the negative metal being a solid, it has the 
great advantage of remaining a long time in action. Little 
or no oxide is formed in the amalgam, the particles of zinc 
being taken up immediately by the acid. The discovery led 
the way to amalgamated zinc plates (30). 

JBtmsen's Battery, — In this arrangement carbonaceous 
matter is substituted for the platinum of Grove : the prin- 
ciples otherwise the same. 
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Schonhein's Batteri/. — On Grove's plan ; peroxide of lead 
is used instead of nitric acid. 

Grave's Gas Battery, — Oxygen and hydrogen gases are 
employed with strips of platinum foil. 

Water* Battery, — After Cruickshank : an extensive series, 
with pure water. The most perfect are' those by Cross, 
Noad, and Gassiot. The battery by Cross contains 2400 
pairs of plates, the cells well insulated. Noad's battery 
consists of 500 cylindrical pairs in green glass vessels. 
Gassiot' s battery extends to 3520 cylindrical pairs, placed 
in cells of varnished glass, and insulated on varnished glass 
pillars. 

SturgeorCs Battery. — Materials are, cast iron cylindrical 
vessels, cylinders of rolled zinc amalgamated; and dilute 
sulphuric acid. 

Mullins' Sustaining Battery, — This is a double-fluid 
battery, on the same principles as Daniell's. Materials are 
amalgamated zinc, copper, solution of sulphate of copper, 
and solution of muriate of ammonia. 

Leeson^s Battery.— 1^ a Daniell's arrangement, with 
bichromate of potassa instead of sulphate of copper. 

Walker's Constant Battery, — After Daniell. An earthen- 
ware jar is employed, its interior being coated with a pre- 
cipitate of copper, by which it acquires a rough surface, 
favourable to the throwing off hydrogen. This is an 
extremely clever and valuable piece of apparatus. 

Sare*s Battery. — Each pair consists of a copper and zinc 
plate united at their upper edges, the other edges are set in 
grooves in a trough ; the plates are packed very closely 
together. The trough containing the plates is connected 
longitudinally with a second trough, containing the acid 
solution ; the two troughs turn upon revolving centres, so 
that the fluid may be turned from the one into the other. 

Young's Battery, — After Hare's battery : the plates are 
ao arranged, that a copper square comes in between each pair 
of zinc squares, and a zinc square between each couple of 
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copper squares. Asserted advantage is, that an equal effect 
is produced with one-half the quantity of copper. 

Faraday" 9 ArramgemenU — Similar to Hare's : the plates 
are as in Wollaston*s battery, zinc and double copper, but 
the copper is so bent as to come extremely near the zinc, 
being prevented from touching by an intervening bad con- 
ductor ; an extensive series are closely packed together and 
plunged, vrhen required, into a trough without partitions 
containing an acid solution, insulating cells not being in this 
case necessary. 

Battery hy Van MeUen of Maesiricht, — The copper of 
each pair envelopes the zinc of the following pair, as in 
WoHaston's battery, but the plates of zinc and copper are 
much nearer, being only y^^^th of an inch apart, with small 
pieces of cork between : the plates of copper of the con- 
secutive elements are separated by glass plates. The series 
is set in a frame and plunged into an acid solution when 
required. The zinc is carefully amalgamated. The arrange- 
ment is very efficient and powerful. 

81. In reviewing our experience of these several modifi- 
cations and improvements in Volta's original invention, we 
arrive at the following general conclusions: — Of all the 
solids, metals and charcoal are the most efficient for the 
purpose of a voltaic series ; of fluid substances, those which 
produce the greatest chemical action upon the solids are to 
be preferred. The metal zinc, either in a pure state or 
amalgamated with mercury, is upon the whole the best 
adapted as the positive element. The smoother the surface 
the better. Boiled zinc plates are preferable to cast zinc, 
For the negative element ; silver, copper, iron, platinum, or 
platinized silver, or carbon, have been found the best. The 
surface of the negative element should be at least twice as 
great as the surface of the positive element, and the negative 
element should surround, and be as near as possible to the 
positive. The fluids may be pure water, or strong saline 
aqueous solutions, or concentrated or dilute mineral ac\.d&> 
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or alkaline solutions. The power of the combination with 
acids is in proportion to the afl&nity of the metal for oxygen. 
As a gdheral principle, every oxidable metal is positive in 
relation to every other less oxidable. Volta, as abeady 
observed (16), determined the order of a series of metals, in 
which each metal was positive to the succeeding. The 
following is an order of succession by Davy, in which each 
substance is the positive element to either below it, and the 
greater the distance between any two elements, the greater 
generally will be the electrical development. 

1. Potassium and its amalgams ; 2. Barium and its amal- 
gams ; 3. Amalgam of Zinc; 4. Zinc; 5. Cadmium; 6. Tin; 
7. Iron ; 8. Bismuth ; 9. Antimony ; 10. Lead ; 11. Copper . 
12. Silver; 13. Palladium; 14. Tellurium; 15. Gold; 16.' 
Charcoal ; 17. Platina ; 18. Iridium ; 19. Khodium. 

As we have seen, however, (20), certain exceptions may 
arise in given cases of alkaline fluids and hydro-sulphurets. 

82. Potassium, barium, &c., and such kinds of metals are 
next to impracticable as solid elements of the Voltaic appa- 
ratus. The following is a series of the available metallic 
elements and charcoal in the order of their electrical, or 
positive and negative, powers : — 1. Zinc ; 2. Iron ; 3. Tin ; 
4. Lead ; 5. Copper ; 6. Mercury ; 7. Silver ; 8. Gold ; 
9, Charcoal ; 10. Platinum. In this series a combination of 
platinum and zinc is more powerful than copper and zinc ; yet 
cast-iron, as being a combination of iron and carbon, would be 
a very powerful combination with zinc, as found by Sturgeon, 
(80), although iron and zinc, taken as pure metals, are very 
near each other in the scale. "We cannot, therefore, in every 
instance take the distance between the elements as a measure 
of the power of the combination, without, at the same time? 
considering very numerous exceptions. Indeed the power 
and the place of the substance in the series is, at least, very 
dependent on the exciting fluid. Faraday found nickel 
negative to antimony in strong nitric acid, but positive to it 
in dilute nitric acid, and gives a table of ten metals in seven 
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different solutions.* Mons. de La Bive, on this principle, 
proposes to construct an order for metals in reference to 
different exciting fluids, and to determine a zero point in 
each for the metal of the least chemical action. The 
following is an example in relation to muriatic acid :— 1. 
Zinc; 2. Copper; 3. Silver; 4. Antimony; 5. Gold; 6. 
Platinum; 7. Rhodium; 8. Plumbago. Plumbago is here 
the lowest substance ; so that very much yet remains to be 
completed in this branch of Voltaic electricity. Paraday 
observes, that to perfect lists of this kind we require to 
determine numbers, expressing the relative exciting force, 
counting from the zero point. Such an arrangement of the 
preceding series would be : — Plumbago, (zero) ; Rhodium, 1 ; 
Platinum, 2; &c. &c., and so on, in an inverse order to the pre- 
ceding, supposing the relative numbers correctly determined. 

INSTBTJMEKTS FOB MEASrEING THE HEATING AJTD CHEMICAL 
POWEB OF THE VOLTAIC APPAEATUS. 

83. The heating power of the voltaic battery is best 
measured by its effects on metals. The degree of incan- 
descence produced by the current, in a metal such as platinum 
for example, very difficult of fusion by ordinary fire, will 
frequently help us in estimating the comparative power of 
a given voltaic series. As observations, however, of this 
description afford rather distant approximations, more refined 
means of estimating the degree of heat or incandescence has 
been sought for through the medium of philosophical instru- 
ments. The first instrument on record in the history of 
electricity, adapted to this end, is the Thermo-Electrometer, 
invented by the author so long since as the year 1820,t 
since which period it has come into general use ; and having 
been repeatedly quoted and dealt with by the British and 

* Exp. Researches, vol. ii. p. 86. 
+ EflfectB of Lightning, &c. &c. Letter to Vice- Admiral Sir T. B. 
Martin. Nicol and Co. London, 1823. 
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Continental philosophers,* it is essential to give here a brief 
account of it. 

84. ThermO'Uleetrometer. — The instrument is yirtually a 
Sanctorius air thermometer,Vith a fine metallic wire passed 
air-tight through the bulb. "When an electrical discharge or 
current traverses the wire it becomes more or less heated, 
the air in the bulb expands, and the fluid, ascending or 
descending along the scale, shows the force of the current in 
terms of the heat of the wire. 

The original form of the thermo-electrometer is repre- 
sented in the adjoining ^g. 36, in which a, p, », n is the 
thermometer glass ball, of about 3 J inches in 
Fig. 36. diameter, and p,n2i fine metallic wire passing 

_ air-tight across its centre, being secured in 

brass flanches, p, n, cemented over holes 
drilled through the glass ; «, 5 is the thermo- 
meter tube and scale, the lower extremity of 
the tube being immersed in a cistern, h, of 
coloured fluid. A small quantity of air is first 
expelled from the ball by heat, the tube is then 
passed through a cork into the cistern h, the 
fluid ascends along the scale as the ball cools. 
The position of the fluid is finally regulated 
by a small screw valve at i?, cemented over 
a hole drilled in the ball, and which can be 
opened and closed at pleasure. When an 
electrical discharge or current is passed 
through the wire, p n, the fiuid descends along the scale a h. 
The scale is moveable for a short distance up or down upon 
the tube, so as to adjust the zero point to the precise place 
of the fluid. Tlie method of securing the wire, p n, passed 
through the ball, is represented in fig. 37, in which the 
curve, gTcmp^ represents a portion of the glass ball \ hm d 

* De la Rive, Traits de I'Electricite, p. 31 ; Reiss, Ann. de Chimie, 
t. 69, Prem. Ser. ; Faraday, Exp. Eesearchea (344), toIL L Dayy, Physio- 
logical EesearclieB, toI. i., p. 12. 
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is a brass flanch, made to tbe curye of the glass and having 
a projecting stud, d, on which is cut the thread of a screw 
for receiving a flattened brass ball d, the ball 
being screwed on the stud d against k m, 
secures the opening in the glass air-tight. 
A fine hole is drilled through the flanch and 
stud at d, for receiving each end of the wire 
p n, (fig. 36), as at q d, (fig. 37), and the 
wire is firmly held in its place by the pres- 
sure of a small peg of wood inserted between 
the wire and the brass. The small valve,' t?, is constructed 
and applied much in the same way. 

85. This form of the thermo-electrometer, although very 
sensitive and efficient, is somewhat troublesome and incon- 
venient ; it was hence changed at first to the form repre- 
sented in the annexed fig. 38, in which the indicating tube 

Fig. 38. 





and scale were bent at right angles to the thermometer ball, 
and being secured on a hinge-jointed board, could be either 
set horizontally or at a greater or less degree of inclination. 
In this form of the instrument a moderately short column 
of coloured fluid only, "a h, was employed by-way of an index. 
86. The form of this instrument, given in the Trans- 
actions of the Koyal Society for 1827, as adapted for the 
purposes of ordinary electricity, and [in the Edinb. Phil. 
Transactions for 1832, as adapted to voltaic electricity more 
especially, is represented in fig. 39, having been found upon 
the whole the best and most convenient for all practical 
purposes. Here the glass ball, a p v n, which ia «fc«5s^ 
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four inches in diameter, is screwed upon a small glass 
Fig. 39. cistern, a h, containing coloured 'fluid, 

so as to be easily removed. The cistern 
is united by welding to a long ther- 
mometer tube, h c d, bent so as to be 
parallel with the cistern and ball. The 
whole is sustained in a vertical position 
by a graduated scale doc, and a small 
elliptical base set on three levelling 
screws, as shown in the figure, the scale 
being united to the base at c ; it is evi- 
dent that the zero of the scale, as at o, 
will be at the same altitude as the level 
of the fluid in the cistern a, and that 
the precise correspondence of the fluid 
with the zero point may be regulated by opening the valve 
at V. The scale o 6? is divided into tenths and twentieths 
of an inch ; the fluid for noting the degrees of the scale is 
one part rectified spirit with three parts distilled water, 
coloured by a small quantity of tincture of cochineal. 

87. With a view of a speedy comparison of the effects on 
different metals, or otherwise varying the amount of the 
visible effect produced by the discharge, when the heating 
power is considerable, glass balls are prepared containing 
two, three, or four wires of different metals, as represented 
in the annexed fig. 40, which may be taken as a horizontal 
middle section of the ball, showing the wires 
crossing each other in the centre. The dimen- 
sions of the wires may vary from the /^^^ ^^ ^^^ 
jj^th of an inch in diameter. For the general 
purposes of an electrometer, a platinum wire 
of about the ^th to the f ^^yth of an inch in 
diameter may be employed. A very fine platinum wire of the 
y^th of an inch or less in diameter, turned into an helical 
coil, so as to increase the length, and placed in the ball, 
renders the instrument sensitive to an extremely small force, 
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indeed it is difficult, with such means at our command, to 
assign a limit to this sensibility.* Faraday, at the meeting 
of the British Association at Oxford, in 1832, first discovered 
the heating effect of the magneto-electrical current through 
the delicate action of this instrument.f 

88. Another form of the instrument, fig. 39 (86), similar 
to that given, ^g. 38 (85), has been occasionally used by the 
author. In this the thermometer tube is bent forward at o, 
so as to be set horizontally, or at some given degree of 
inclination ; but it does not appear to possess any advantage 
over the form just described. 

89. A very general use of the instrument, as described in 
^g. 39 (86), has verified its perfect efficiency as an instru- 
ment applicable to the measurement of voltaic and ordinary 
electrical discharges; in short, there is no well authen- 
ticated law of electrical action with which its indications 
do not coincide. It will be, however, requisite, in certain 
cases of weak electro-motive power, to take into considera- 
tion certain laws of electrical conduction as regards the 
wire in the ball, and which will be hereafter explained in 
treating of the heating effects of the voltaic apparatus. In 
some particular cases of weak electro-motive power, a tine 
wire of silver may be preferable to a wire of platinum, from 
the circumstance of its high conducting power admitting 

* The author obtained, with an helical coil of very fine wire in the ball, 
an elevation of five degrees of the fluid by a shock &om the gymnotus. 
Dr. Davy, in employing an extremely thin wire of platinum, drawn down 
by Wollaston's method (Phil. Trans, for 1813, p. 114), found it " strongly 
affected" by the torpedo, even distinctly by weak fish, **when it formed 
part of a circle in connection with the galvanometer. I have seen it (he says) 
affected alone, the galvanometer affording no indication." He also states, 
that "the delicacy of the instrument was so great, that the spirit in the 
stem was not only moved by a single spark of the electrical machine, but even 
by a single voltaic circle, consisting of a copper and zinc wire, the former 
1.25th, the latter l-50th, of an i;ich only in diameter, excited by dilute 
sulphuric acid." — Physiol. Researches, vol. i., p. 12. 

+ Exp. Res. (844) vol. i. ^ 
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of fi more free transmission of the current force, as may be 
inferred from the experimental investigations relative to this 
instrument printed in the Transactions of the Eoyal Society 
of Edinburgh for 1832. The indications of the electrometer 
may be always relied on as a measure of the force of a voltaic 
combination, provided we employ a wire in the thermometer 
ball which will freely transmit the current : this may be deter- 
mined experimentally by observing the effects of a given bat- 
tery in three or four portions both separate and combined. 
If the indications of the instrument correspond with the 
increased power,— that is, if the indicated degrees of the scale 
be twice as great when thfe battery surface is doubled, and 
three times as great when trebled, &c., supposing the metals 
to operate as a single pair of plates, — we may then safely 
rely on the operation of the instrument as a measure of the 
current force for certain given voltaic combinations. 

90. Mons. EeisB, of Berlin, and some other of the conti- 
nental philosophers, not content with the instrument as origi- 
nally constructed, have thought it worth while to resort to 
another form of it, but which is virtually the same as that 
described, (85), &g. 38. In this the index tube, fig. 38, 
terminates at its extremity, a?, in a small cistern. A 
coloured fluid is placed in this cistern, and allowed to occupy 
a certain space in the tube, say up to h. The heating effect 
is measured by the retreat of the fluid into the cistern. Any 
degree of inclination is given to the instrument by a means 
similar to that described in ^g. 38. This form of the 
instrument is employed by Mons. Knochenhauer, and is the 
form figured by Pouillet and Beiss in their respective works.* 

91. ThermO'ElectrometeTy by M. Gaspard de La Eive. 
This is a very simple and ingenious contrivance. A fine 

♦ Ponillet, Elements de Physique, and Beiss, Statical Electricity. 
M. Beiss seems to haTe confounded the instrument iffith the air electro- 
meter of Einnersley, in which the mechanical yiolence of an electrical 
shock is tested by an explosion between two balls in a confined space of 
Mr. This is evidently a misapprehension. 
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Fig. 41. 




platinum or other metalUc wire, m n, fig. 41, is fixed at one 
extremity, m, to a vertical bar of wood, being one arm of a 
quadrantal arc mp d, its other extremity, n, is attached, very 
near the ceiltre of motion, to a sen- 
sitive lever, c np^ moveable about 
the centre of the arc, mp d; hence 
the least expansion or contraction of 
the wire by heat is indicated by a 
fine point, p^ moving at the extremity 
of the lever upon the graduated arc 
m p d, "When an electrical dis- 
charge or current traverses the wire, 
the index, c p, measures the force of 
the current in degrees of the scale. 

92. M. de La Eive's ihermo-electrometer, — This instru- 
ment is simply the thermometric helical coil of Breguet 
attached to a fixed point, p, fig. 42, and carrying a needle, 
n, at its lower extremity, moveable over a graduated circle, 
a d. The helical coil, p w, consists of a mechanical 
combination of three extremely thin straight metallic 
lamina) of different metals, superposed one on the other ; 

the metals employed, are gold, 
platinum, and silver. The un- 
equal expansion of the three 
metals by heat causes the coil 
to turn and return about its 
axis with the least change of 
temperature ; a fine platinum 
wire is soldered to the lower 
extremity, «, of the coil, which 
plays freely in a small cup 
containing mercury. The con- 
nections are made with the 
battery through this mercurial medium and the metallic point 
p above, along the line z s. The slightest elevation of tem- 
perature is immediately indicated on the gradmtfe^ <b^vSl^. 
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Fig. 43. 



93. VoUa Electrometer or VoUameter. — This instrument 
is based upon the effects of chemical decomposition. Fara- 
day has shown that when water is subjected to the influence 
of the voltaic current, the quantity decomposed is directly 
proportional to the quantity of electricity it has conducted. 
If, therefore, the two gaseous products, oxygen and 
hydrogen (47), decomposed in a given time, be carefully 
collected, and the volumes accurately measured, either 
separately or conjointly, we at once obtain a measure 
of the quantity of electricity, by the agency of which they 
have been set free from their previous combination under 
the form of water. Several contrivances have been resorted 
to with a view of collecting and mea- 
suring the gases evolved in the decom- 
position of a given quantity of water 
during a given time, say one minute ; 
or otherwise the time in which a given 
volume of gas has been collected. 

The annexed fig. 43 represents a 
form of Voltameter which may be 
considered as being upon the whole 
the best adapted to general practical 
purposes. In this figure, A n is a 
closed cylindrical glass vessel, about 
four inches in height and something 
less in diameter. It has two necks or 
openings at c and n. A glass tube, 
w E, about sixteen inches in length, 
and about eight-tenths of an inch in 
^ diameter, is inserted and closely fitted 
by grinding through the neck o. The 
m opening or neck D is fitted in a similar 
way, with a ground glass stopper, re- 
^^^J moveable when required. The glass 
tube w E is pierced just above its in- 
sertion into the bottle a b, in two points, tm, immediately 
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opposite each other, for the reception of two wires of pla- 
tinum, p fffnn, which are welded in the glass, and ter- 
minate within the tube in two slips of platiuum foil or thin 
plate, t v,m 8, The tube is graduated above this along its 
whole length, indicating measured volumes of hundredths of 
a cubic inch. 

94. The instrument is prepared for use bj filling the bottle 
A p, through the neck d, with distilled water, acidulated 
with pure sulphuric acid, in the proportion of one acid to 
ten water; when filled the stopper is replaced, and the 
whole inverted so as to fill the graduated tube w b, after 
this it is again reverted, and the neck d left open. The 
instrument is now ready for use, and being introduced into 
the current, as at h, fig. 18 (39), the current is caused to 
flow from p to w, fig. 41, through the acidulated water in 
the tube, between the platinum plates t v, m 8, The quan- 
tity of electricity which has passed in a given time will be 
measured by the volume of gas evolved and collected in the 
upper portion of the tube w b. One division of the 
graduated scale is called a degree of electricity. The use 
of the instrument demands much care and attention. In 
estimating the absolute quantity of electricity we must take 
into consideration the temperature and pressure of the 
atmosphere, and apply a correction for moisture, a simple 
Table for which is given in Earaday's work on Chemical 
Manipulation, so as to reduce the observed volume of gas 
collected to a constant standard.* We have further to 
consider that the quantity of gas disengaged in a given 
time depends not only on the power of the voltaic apparatus, 
but on the degree of acidity of the water, also on the extent 
of the platinum plates, and their distance apart. In all 
experiments, therefore, of a comparative kind, these 
elements must be precisely the same. 
95. When accurately employed, the Voltameter is considered 

* Edition of 1830, p. 876. 
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by Faraday to be the only instrument we have, as an absolute 
measure of voltaic electricity. It is quite independent of 
variations in time or intensity, or intermissions of action, 
and records and reveals satisfactorily the quantity of elec- 
tricity which has passed through it. On this account it 
has been termed " Volta Mectrometer,** or Voltameter.* 



Instruments for Measuring the Force and Determining the 
Direction of the Voltaic Current. 

96. The magnetic effects of the voltaic series have been 
already adverted to (53), and the property possessed by any 
metallic wire, traversed by the electrical current, of causing 
the magnetic needle to deviate from its meridian, according 
to certain laws, has been fully treated of in our " Rudi- 
mentary Magnetism,*' chap. iii. We shaU, therefore, 
treat this subject here only so far as is requisite to place 
the class of instruments now under consideration in a clear 
and intelligible light, leaving further explanation to a future 
part of the work (Chap. YII.) 

Let the adjoining fig. 44 be a simple circle, such as before 
explained (33), fig. 17, and c s, n z a closed circuit of metal- 
lic wire, uniting the plates 
z c, & portion of which, s ir, 
is quite straight, and placed 
in the magnetic meridian, n 
being the north, s the south 
points, and e, w, the east and 
west points. Let m p he 
a delicately poised compass- 
needle, moveable upon a 
centre, and placed under the 
wire s n. Then supposing 
that, at the instant the circle 
is complete, an observer be looking directly over the wire 

* Faraday, Experimental Researches (739), vol. i. p. 27. 
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and needle, in the direction s k, that is toward the north, 
he will see the south pole m of the needle move toward his 
right hand, that is toward the east, and consequently the 
north pole p, toward his left hand, or toward the west, and 
if the current be sufficiently powerful the needle m p will 
stand across the wire s K, so as to rest at right angles to it. 
Such is the case when the current passes over the needle, in 
the direction of its meridian from south to north. When, 
however, the direction of the current is reversed from H to 
8, that is to say, supposing the plates z c to change places, 
then the reverse of these directions of deviation in the 
needle inp takes place. In fact, the extremity of the needle 
next the copper plate c will always go to the right hand, 
the current being parallel to and above the needle. If now 
we place the needle m p over the wire s n, so that tfie current 
may flow under the needle, then we have the reverse of all 
the former directions of deviation, the end of the needle, 
next the copper, c, will now always pass to the left hand. 
Such are the elements upon which the class of instruments 
termed galvanometer, electromagnetic multiplier, rheometer, 
and rheoscope are based, and which as furnishing a very 
delicate means of detecting and measuring current force, 
both as to intensity and direction, are of the utmost im- 
portance to this department of physics. 

97. The following nomenclature adapted to instruments of 
this kind expresses concisely the several operations involved. 

According to this nomenclature, any apparatus originating 
an electrical current is termed a " Rheomotor," from the 
Greek of /a/©, to flow, and moveo, Latin, to move, whilst the 
straight wire s w, fig. 44, has been termed " rheophore," from 
the Greek of pita, to flow, and ^opew, to bear, that is to say, 
as being the bearer or carrier of the current. The whole 
circuit, c s N z, has been on a similar principle termed the 
rheophoric circuit. An instrument for merely detecting the 
existence of an electrical current is termed "rheoscope,*' 
from the Greek of pew, to flow, and cricoirtoi^ t^^ ^'^^. "^^j 
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applicable to the measurement of the current force, it is then 
termed "rheometer," from pew and fierpiut, to measure: 
this term is used by the French philosophers, instead of 
galvanometer. 

An instrument by which the direction of the current in 
tlie circuit can be changed, or reverted, as from s to k, and 
N to s, is termed a " rheotrope, from pew and rpovoQ, of 
Tpiwia, to turn. An instrument by which a current can be 
periodically interrupted, is termed a " rheotome," from pew 
and rifivu), to cut off. An instrument by which the current 
is maintained or brought to any given degree of force is 
termed '' rheostat," from pi<o and erTd(a, to stand or remain. 
Such terms are expressive and concise, and should be 
generally employed in preference to many in common use, 
such, for example, as the term galvanometer, being much 
more consistent with an exact philosophy. 

98. Mheoscope or Mectroma^netic Multiplier, or Oalvano- 
scope, — The mbst elementary and simple form of this 
instrument, would be that just indicated fig. 44, that is to 
say, a simple rheophoric wire with a magnetic needle, placed 
either above or below it. It may be, however, easily inferred 
(96), that since a current flowing ahove or lelow a magnetic 
needle in opposite directions, deflects the needle in the same 

direction, we necessarily 
Fig. 45. obtain a double force, in 

exposing the needle to the 
simultaneous operation of 
both currents. This is 
easily effected by placing 
the needle within a bent 
wire, iathe way shown in the annexed fig. 45, and establish- 
ing a current, c p nz, through the wire : such an arrange- 
ment constitutes the second most simple form of rheo- 
scope. If we imagine the wire to have many convolutions 
between its extremities o z, as shown in the annexed fig. 46, 
and the needle to be placed within these convolutions, we 
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necessarily multiply the current influence upon the needle, in 
proportion to the number of turns or times which the cur- 
rent flows round the needle. "We have only to cover the 
wire with silk or some bad conducting substance, so as to 
effectually cut off metallic 



contact between the con- 
volutions, and compel the 
current to circulate about 
the needle. This consti- 
tutes the form of rheoscope, 
tromagnetic multiplier." The 
rheoscope, may 



Fig. 46. 




Fig. 47. 



generally termed " elec- 
needle, in this kind of 
be a light magnetic needle, about three 
inches in length, suspended within the coils by a fibre of 
silk, passing through a small quill or other bad co^ductiDg 

tube, in the middle of the length 
of the upper portion of the coil. 
Two needles are usually em- 
ployed, with their poles in re- 
verse directions, as represented 
in the adjoining fig. 47, the 
whole being so contrived as to 
admit of one of the needles, &, 
being above, and the other, a, 
within the convoluted wire : 
this materially reduces the directive force of the earth 
on the needles, and renders the whole as a compound 
system almost astatic* Hence the magnets become 
more obedient to the current, whilst the addition of the 
second needle still further multiplies the effect. This com- 
pound arrangement constitutes the next and last form 
which has been given to this class of voltaic instrument. 

99. Eheoscopic instruments of this kind are especially 
sensitive, they detect readily the existence of infinitesimal 
current forces, from whatever source arising. Prideaux 




* From the Greek So-Taros, "indifferent," 



04 Bir])IKEKTA.BY 0ALTAKI6M. 

constructed a rheoscope of a pair of sewing needles, each 
three inches long ; the rheophore or conducting wire con- 
sisted of four lengths of bell-wire, laid parallel and close to 
each other ; it passed only once between the needles, and 
returned beneath the lower needle. The mere heat of the 
fingers, pressing on a pair of copper and tinned iron wires, 
deflected the needles 25 degrees."*^ This profound chemist also 
contrived other forms of rheophoric coils, consisting of bands 
of copper ribbon, about fths of an inch wide, with intervening 
paper between them, which proved extremely delicate ; the 
magnetic needles being sensible of the least current force. 

100. Ghlvanoscape hy IL Dubois Raymond, — The latest, 
and perhaps the most delicate rheoscope, is the G^vanometer 
of Mons. Dubois Eaymond, constructed with a view of de- 
tecting extremely weak electrical currents generated in the 
nerves and muscles of animals. M. Dubois Raymond has 
examined critically, and with great ability, the several cir- 
tmmstances liable to disturb the operation of very delicate 
instruments, and render them not only difficult to manage, 
but to a certain extent inaccurate. He first considers the 
liability of the compound or astatic needle (98) to deviate 
from the magnetic meridian, either from a want of parallelism 
in the needles, or defects in magnetising and suspension : in 
proportion as the two needles exactly compensate each other's 
force, and render the system insensible to the directive force 
of the earth ; so the needles tend to a position of instability, 
and often rest out of the convoluted wires at right angles 
to the magnetic meridian. We may have also a cause of 
disturbance in the impurity of the metal constituting the 
rheophoric coil which may contain small particles of iron, 
or it may have acquired a tainted ferruginous surface in 
the process of drawing into wire through plates of steel. 
This last disturbing! force was first observed by Nobili, 
who sought to obviate it by bringing a magnetic bar to 

* See some extremely valuable Papers on Thermo -Electricity, by J. 
Prideaux. Pbil. Mag,, toI. iii., Third Series. 
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operate on the coil by induction, after the method practised 
bj Barlow in neutralising the earth's force on the magnetic 
needle.* This method of neutralising the effects of magnetic 
disturbance in the rheoscope is not, however, altogether un- 
exceptional. Dubois Eaymond has sought, therefore, a more 
refined means: he makes the compensating magnet very 
small, and places it very near the end of one of the magnetic 
needles. It is, in fact, the mere broken extremity of a fine 
bead needle, and is so placed, that by means of small micro- 
meter screws, minute changes may be made in its position. 
In this way the system is preserved accurately on the zero 
point, without any sensible loss of delicacy, since the small 
correcting magnet has little or no influence upon the needles 
beyond a deflection of a few degrees. This galvanoscope is 
mounted on a circular plate, carrying a graduated circle, 
and can be rotated on a central axis, so as to bring the 
coil into any given direction. The coil is a copper wire, 
6684 yards in length, and about •0056 inch in diameter ; it 
is covered with varnished silk thread, so as to completely 
insulate the several convolutions. The wire is turned 24,160 
times about a supporting frame an inch and three quarters 
in length in the clear and rather more than an inch and 
half wide. The needles are cylindrical ; are each an inch 
and a half in length, and three hundredths of an inch 
in diameter. They weigh, taken together, four grains, and 
are connected by a thin piece of tortoise-shell.f 

101. BecquereVs Differential Bheoscope, — This is a class of 
rheoscope, the object of which is to compare the relative 
force of two currents. "With this view, two distinct rheo- 
phoric coils (97) are employed, identical in every respect 
both as to length, diameter, and material. The wires are 
coiled together about the same frame. The arrangement is 
perfect when equal currents traverse them in opposite direc- 
tions without Injecting the needles. When the currents aipe 

* Rudiment. Magnetism, p. 152, sec. (164.) 
t Abitraet of Dubois Baymond's work, Dr. Beosft Jcfoss^^ :^.*^.^^.^^<» 
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unequal, the directions in which the needles deviate (77) 
indicates the stronger of the two. This instrument, by 
uniting the two coils, so as to allow the current to traverse 
them in succession in the same direction, is transformed into 
a rheoscope of a double length of wire, as compared with 
one of the coils alone ; and when united, so as to cause them 
to operate together, it becomes a rheoscope, having virtually 
a coil of wire of an increased diameter, which, as compared 
with the single wire, will be as the ^T : \/"2" ; that is, as 
1 : 1*41. This instruinent so far fulfils the purposes of four 
instruments ; viz., a rheoscope of short coil, of long coil, of 
thick coil, and a differential rheoscope. 

Yerj delicate rheoscopes have been constructed by Messrs. 
!N'obili, Melloni, Euhmkorff, and other philosophers engaged 
in this department of physics. They are all usually fur- 
nished with graduated circles for noting the angular deflec- 
tions of the needles, and are carefully mounted on an 
appropriate base, on levelling screws, and covered with glass 
shades to protect the needles from currents of air. 

102. Bheometers, — Although the instruments just de- 
scribed are usually of excessive delicacy, and of great practical 
value in detecting small current forces, they are nevertheless 
defective as instruments of exact quantitative measure ; and, 
notwithstanding that many attempts have been made, and 
Tables arranged with a view of determining the relations 
between the intensity and quantity of the current and the 
rheoscopic deflections, yet the results are by no means satis- 
factory. The kind of rheometer claiming the greatest con- 
fidence as a measure, is the simple rheophoric wire, (96), ^g, 
44, with a single needle. There is little reason to doubt but 
that the forces would be, in this case, as the tangents of 
the angles of deviation, or very nearly ; or, taking the coil 
as a force deflecting the needle in a line perpendicular 
tp the magnetic meridian, the force may be nearly mea- 
sured by the sine of the angle of deviation.* The cards 

. . * Aodimentaiy Magnetism, Part 2, pp. 121, 123. 
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of some rheoBcopes have been graduated upon this prin- 
ciple, with a view of converting them into rheometers ; for 
small deflections we may consider the angle of deviation 
as approximating to the force in operation, so that a 
deviation of four degrees may be taken as indicating twice 
the force of two degrees. Tho whole question, however, 
still remains in much uncertainty. All the elements of 
the rheoscope, affecting its conversion into a quantitative 
measure, have not been as yet fully considered when taken 
together ; hence we have still much to investigate in the 
application of this instrument to the measurement of what 
may be termed quantity and intensity of the passing current. 
103. Bifilar Bheometer, by the author. — This instrument, 
represented in the an- 
nexed flg. 48, consists of Fig. 48. 
two needles, suspended 
by parallel silk fibres 
in the way already de- 
scribed (G4) fig. 25. The 
needles are about seven 
inches in length. The 
rheophoric coil is a wire 
^th of an inch thick, 
about twenty-eight feet 
in length, and is turned 
eighteen times round the 
needles. The deflections 
are marked on a gra- 
duated circle by fine 
index wires at the ex- 
tremity of the upper 

needle. The instrument is wonderfully sensitive. The 
magnetic system being nearly astatic, the forces will be 
measured by the reactive force of the parallel threads, and 
will be nearly as the angles of deflection,* or perhaps nearer 

♦ Phil. Trans, for 1836, ^. 4\T . 
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Fig. 49. 



aa tlie sines of the angles. The reactiye faree of a fine wire 
may be 8ul)stitute(i for the parallel threads, as in Conlombe*» 
balance. The connections with the battery are completed 
through the points f^ q, 

KMi. Thermv-Bheophoric Meeirometer. — Thiff may be con- 
sidered as a species of compound rheemeter ; it was inrented 
by the author, in 1836, for the purpose of comparing the 
heat erolyed by the rheophoric, or current wire, with the 
mimetic deflections. It consists of a thermo-electrometer, 
such as already described (86) S^g, 39, haying a fine magnetic 
needle immediately oyer the wire, and a graduated circle 
placed around the ball to measure the deflections of the 
needle. The aarangement is re- 
presented in the adjoining fig. 49, 
which represents the ball of the 
instrument only; the remaining 
parts being as in fig. 39. The glass 
ball has openings above and b^ow, 
at A and b, capped wiMi brass, and 
closed air-tight by leather washers 
in the usual way : a smaH sliding 
tube s is joined to the screw cap 
which unites the ball with the cis- 
tern 0, and carries a little open 
parallelogram of baked wood gr, 
upon which the needle npis poised 
immediately oyer the wire d *, 
passing through the ball. By 
raising or depressing the slide s, we 
may retain the needle near to, or distant from the wire. 
The needle is placed in position through the cap above, at 
A, and a small rod ending in a fork, coyered with cotton 
thread, is passed by an air-tight collar through the centre 
of the cap, by which the oscillations or other disturbances 
of the needle may be mitigated. Supposing the ball with this 
apparatus substituted in the thermo-electrometer (fig. 39), 
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and a eunent transmitted throngh the wire, then we obserre 
at the same instant the heating effect on the wire and the 
deflection of the needle, as shown by the thermometrical 
scale and the graduated circle^ dqe, placed round the ex- 
terior of the glass ball. A small screw valve is placed in 
the glass^ at right angles to d e, for regulating the air 
within the ball : it is not shown in the figure. The whole 
instrument is supported on a mahogany stand, on levelling 
screws, and i& movable about a central pin, so as to btfang 
the wire de into the magnetic meridian. 

105. Bhea9tat—(9^). We are indebted to Wheatsam 
for t^8 valuable addition to our list of Voltaic apparatua. 
The object of the instrument is to measure the electro* 
motive force and resistance in the rheophoric circuit, by 
means of variable instead of constant resistances. This is 
effected by interposing in the circuit variable lengths of 
wire, and thereby bringing the operation of different 
currents (m the rheoscope to a ratio of equality, the electro- 
motive force being inferred from the amount of resistance 
measured out in the length of p. ^. 

interposed wire. In the annexed 
fig. 50, for example, let a b be cylin* 
drical barrels, each of which may 
be turned round upon a longi* 
tudinal axis, one of them, a, being 
a non-conducting cylinder of baked 
wood, the other, b, a metallic 
cylinder. A brass wire of y^th 
of an inch in diameter is coiled on 
the threads of a screw groove cut 
on the barrdi a, and is finally continued on to the barrel d, 
so that by turning the handle h we may transfer as much 
of the wire as we please from barrel a to barrel n. If we 
now suppose the coils of wire, a b, to be introduced by ade- 
quate arrangements into a rheophoric circuit connected with 
a rheometer, it is dear that the current must ta».^^s»!A>i^^^Ml|f 
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coils on the wood cylinder a, but not all the coils on the 
brass cylinder b, because on the cylinder a, they are all 
insulated in the wood thread, whereas on the brass cylinder 
B, they have complete metallic connection. "We have, there- 
fore, only to wind off or add as much increased resistance, 
measured by the length of wire on the barrel a, as is re- 
quisite, with different current-forces, to bring the rheometer 
to the same point of deflection, and then we obtain in these 
comparatiye resistance's the relative force of the currents 
under examination. As the object of this contrivance is to 
Wgulate the circuit to a constant degree of force, it has, as 
already observed (97), been termed " Eheostat.'* The two 
barrels, a and b, are 6 inches long and 1^ inches in diameter. 
There is a scale to measure the number of coils wound or 
unwound. The threads of the screw on the wood barrel are 
forty to the inch, and the wire is thin and bad conducting, 
so as to obtain a greater amount of resistance in the circuit. 
106. Bheofome, — (97) . Several forms of this instrument for 
a continued interruption and renewal of the circuit have 
been contrived. The following simple arrangement will 
serve to convey a general and comprehensive idea of its 
nature and operation. If we give to a series of metallic 
radii fixed upon a central metallic axis a bad conducting 
circumference of baked wood or ivory, we shaJl then complete 
a wheel similar to the wheel of a coach, and if these metallic 
radii or spokes pass through the periphery, so as to be 
rather prominent, but fair upon its exterior surface, we have 
then a succession of interrupted conductors. Suppose now 
a metallic spring plate fixed on a rod of metal to press 
against the periphery of this wheel, and to be connected 
through its metallic support with the positive pole of the 
battery, and the axle of the wheel with the negative pole ; 
then, if we turn the wheel round, the spring plate glides 
with friction upon the circumference over the terminations 
of the successive metallic spokes, and so continually breaks 
and renews the contacts with the battery. 
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A dentated metallic wheel with a spiing plate has been 
sometimes employed in a similar way. 

107. When a rapid interruption of the circuit is required, 
an automaton or self-acting rheotome is employed, consisting 
of a small piece of soft iron, attached to a metallic spring 
resting on a point connected with one pole of the battery. 
This piece of soft iron is placed within the influence of a 
soft iron bar or rod connected with the opposite pole, which 
is so circumstanced as to be temporarily magnetised by the 
passing current, on the principles explained in Chap. VII, 
When magnetised, it attracts the small contact iron, lifti 
the spring off the point, and thus breaks the circuit. The 
consequence is, that the magnetism induced in the iron bar 
yanishes at the instant, and the^ spring again falls back on « 
the point; the contact* with the battery is now renewed, 
and this alternation goes on with extreme rapidity. 

108. Bheotrope. — (97). This instrument, for changing or 
reversing the direction of the current, has also a variety 
of forms. The object, however, in all of them is virtually 
to turn round the poles of the battery or reverse the 
order of the series; as this, however, would be difiBcQlt, 
and often impossible, experimentalists have sought to 
arrive at the same result by making a portion of the 
circuit moveable. A simple mechanical arrangement is 
as foUowfl: — Let a small cylinder of baked wood be 
capped with brass, and mounted on a central axis on 
metallic supports in the way of an ordinary cylinder 
electrical machine ; suppose two slips of metal to project, 
one from each cap, upon opposite sides of the wood cylinder, 
we have then two interrupted conductors in the direction of 
the circumference of the cylinder. Let two metallic springs 
on metallic bases be now adapted so as to press against oppo- 
site sides of the circumference of the cylinder, after the 
manner of the rubber of the electrical machine. Then sup- 
posing the metallic axes and caps to be connected with the 
opposite poles of the battery, and the two %\st\\x% ^<5i«i«^ "^isikj 
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the sides of the cylinder connected with, the tenninala of the 
circuit; we shall, on turning round the cylindeTi bo as to bring 
the metallic slips projecting from the caps in contact with the 
spring pieces, establish a current in a given direction from 
one terminal of the batterj to one of the axle caps, and 
from thence through one of the spring pieces and through 
the circuit to the opposite spring piece^ and from thence 
through the opposite axle cap to the other terminal of the 
bafcterj. If now we turn the cylinder one-half further 
round, then all this is reversed ; we first interrupt the circuit 
by the wood intervening between the slips of metal pro- 
jecting from the cap pieces of the cylinder, and then again 
renew it in the opposite direction, by the bontact of the 
spring pieces with the slips of metal in oonnectioii with the 
poles of the battery reverse to the former. 

A simple rheotrope may be constructed of a non-con* 
ducting disc, moveable on a central point, and having 
two metallic slips crossing as chords of opposite quadrants. 
In moving this between two pairs of disjointed wires, 
one pair on each side, placed in connection with the ter- 
minal of the circuit and one of the poles of the battery, 
we complete the circuit through the metallic slips on the 
disc, either on one side or on the other, and so turn 
the current in either direction, the action is quite analogous 
to that of the four-way cock in the steam engine. Instru- 
ments of this kind have been frequently termed '^ commu- 
tators ; " they are inseparable from the practical use of the 
electrical telegraph. 

109. We have devoted some considerable space and atten- 
tion to these rheoscopic instruments, because they are of vital 
consequence to the future progress of electrical discovery. 
The Electro-magnetic Multdplier (08) has unlimited appli- 
cation ; it is, in fact, almost the only means at our command 
by which infinitesimal current force can be detected and its 
Section determined ; such, for example, as extremely small 
current action in the muscular and nervouii parts of animals. 
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It k therefore very unportaat to perfect its construction to 
the last possible degree. The following are a few leading 
points to be k^t in view. The rheophorio coil should be 
copper wire, as pure and as £ree &om particles of irmi as 
possible. The dimenE»ons of the wire must depend on the 
eondttctabiliiy of the circuit. In a circuit of low con- 
ductability, the coil should be long and fine, and the con- 
volutions should be as near as possible to the needle. If 
the conductabnitj be perfect^ that is, involving a metallic 
circuii^ it is better to employ a stout wire of moderate 
length. The wire in every case should be well covered 
with dry silk, and it may be nicely varnished^ so as to 
insulate effectually the successive turns bearing against 
each otha^. The dimensions of the needles may vary 
in lei^h from an inch and a half to three or more 
inches. In the delicate galvanometer of Nobili, to' whom 
we owe the ingenious idea of the astatic needle, the 
needles are common sewing needles, about one and a half 
to two inches in length, magnetised to saturation, and placed 
about -j^ths of an inch apart. The copper wire is about the 
Y^th of an inch in diameter, closely covered with silk thread, 
is about seventy yards in length, and turned 800 times 
about the frame for the support of the coil. In another 
instrument the wire was about the j^^th of an inch in 
diameter, about 20 to 30 feet in length, and turned 70 
times about the frame. A fine wire having 3000 turns on 
the multiplier has been in some instances employed, in 
others about thirty turns only of a thick wire has been 
used. As already observed (102), the eledbro-magnetic 
rheoscope cannot be implicitly relied on as an efficacious 
or exact quantitative instrument ; the deflectioKis of the 
needle not furnishing satis&ctory comparative indications 
of the relative dectro-motive forces, to which the deflections 
should be proportional : the liability of the magnetic needles 
to undergo change, the chances of an iron taint in the wire, 
and the introduction of variable resiatance* \s^ ^^ «iis«cis. 
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Fig. 51. 



of the coil, into the circuit, are all sources of difficulty ; so 
that much still remains to be investigated before we can 
venture to place implicit confidence in the operation of this 
beautiful instrument as an exact quantitative measiu*e. 

110, Before concluding this branch of our subject, 
it may not be unimportant to call attention to another 
means of estimating current and rheomotive power taken 
as electrical quantity. This means is based on the develop- 
ment of magnetism of tension in soft iron. When a bar of 
sofb iron is enveloped by an active rheophoric coil it be- 
comes, as we shall presently see (210), powerfully magnetic ; 
and the magnetic force developed will be, under given con- 
ditions, in some direct ratio of the current force and of 
the rheomotive power. The author has examined several 
of the relations of these respective ele- 
ments, and has arrived at results calcu- 
lated to throw further light on this 
important question.* Let p t>, ^g, 51, 
be a cylindrical rod of soft iron about 8 
inches in length and half an inch in 
^ iSHl diameter, closely enveloped by three iu- 

^ ^ dependent and distinct rheophoric coils, 

12 3, wound round it together simul- 
taneously, side by side ; Let n d he vl 
small cylinder of soft iron suspended 
from the wheel of the hydrostatic magnet- 
ometer, immediately over the iron rod,t 
the distance being measured by a divided 
scale np v, to which the cylinder p v with 
its coils is fixed. Let a b c be three 
simple voltaiccirclesof Smee's or Darnell's 
construction (75) (79), having one of the 
coils, 1 2 3, appropriated to each, and with which they can 

* Budimentary Magnetism, Part 3, p. 63. 

t For this instrument see Budimentary Magnetism (126), Part 2, p. 
Ill, fig. 76, frontispiece. 
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be connected at pleasure, and the rheomotive force of each 
of which is preduselj the same. Let one of the systems a be 
first brought to operate on the iron cylinder ^ v through its 
appropriate coil 1, and let the reciprocal forces of attraction 
between the cylinder and the suspended iron be noted at a 
constant distance ^ ;», as indicated on the arc o x. If now 
a second equal system b with coil 2 be added, the force will 
be quadrupled. If a third o and coil 3 be added, it will be 
nine times as great ; that is to say, the reciprocal magnetic 
forces at a constant distance 'p n will be as the square of the 
increased rheomotive power, or as the square of the number 
of independent currents passing round the iron ; so that to 
obtain the quantity of current force in action, or the rheo- 
motive power, we must take the square roots of these 
attractive forces; and since we may infer, that if one 
current force produces one quantity of magnetism, then two 
equal and independent forces must produce two quantities,' 
and so on ; we may also conclude, that the reciprocal mag- 
netic attractive forces are as the square of the quantity of 
magnetism — a law which the author has fully established 
for similar attractive electrical forces,* and with which tiie 
experiment is almost identical. It may be likewise further 
inferred, that current force and magnetic force mean much 
the same thing. 

111. In these experiments we have supposed three equal 
rheometers and three equal coils distinct and independent of 
each other. When, however, we employ two coils and one 
rheomotive system only, say system a alone, with coils 1 
and 2, then we have no longer this law of action; that 
is to say, the magnetic forces are no longer as the square 
of the number of currents ; or if we employ two systems, 
A and B for example and one coil alone, say coil No. 1, 
then also the law changes — the reciprocal magnetic forces 
in the latter case will be in the direct ratio of the rheo- 

♦ Pha. Trans, for 1834, p. 220, see (19), also Bud. Electricity, p. 131^ 

860(112). ^^ J 
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motive cfystems, so that the current and magnetic forces 
will be only in this case as 1 : 1*4 nearly, that is, as the 
square root of 1 to the square root of 2. Our limits do not 
permit of further pursuing this investigation here ; but we 
think sufficient has been said to show, that a magnetic 
rheometer based upon this principle, fully worked out and 
applied, would be a valuable addition to our list of voltaic 
apparatus. Mr. Becquerel has done much towards this in 
the construction of [an instrument termed by him ^^ Balance 
Electrodynamique." 
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CHAPTEE IV. 

Electrical and Physiological effects of tlie Pile — ^Electrical Indications — 
Application of the tei*ms "Tension" and ** Intensity'* — Law of Elec- 
trical Development throughout the series — The Tension dependent on 
the numher of the alternations — Electrical effects separable from the 
<;hemiciBU action — The Leyden Battery charged^-De Luc's analysis of 
the Pile— Secondary Pile of Bitter— Physiological eflfects— The Shock 
— ^Effects on living Bodies — Powerful action of the Apparatus on 
Aiumals recently dead. 

ELEOTBICAL EITE0T8. 

112. Volta, although he did not inyestigate to any great 
extent the electrical effects of his pile, and certainly not to 
any extent its chemical properties, had still satisfied himself 
of its action being similar to that of common electricity. 
The discoveries of the British chemists, however, very 
speedily showed that the pile was both an electrical and 
a chemical agent ; that it was, in effect, what for distinction's 
sake may be termed both an electrical and a galvanic instru- 
ment ; and it hence became a question of no small interest, 
how far its operation was purely electrical, and how far 
galvanic. 

The first direct experiments relative to this question 
appear to have been instituted by Messrs. Nicholson and 
Carlisle, who in 1801 applied to it some of those delicate 
tests of electrical action already described (55). They 
found the silver extremity of a pile constructed with zinc 
and half-crown pieces in a negative, and the zinc extremity 
in a positive state of electricity. The following experiments 
may be quoted as being suj0&ciently illustrative of this 
question : — 

Exp. 10. Construct a horizontal pile, of about 150 or 
200 series, such as described (80) fig. 15, «t %i >scm&S^ Vfs^ 
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Cruickshank battery (68) fig. 28, place it on insulating glass 
rods nicely yamished, as shown in the annexed fig. 52 ; then, 

Fig. 62. 





on applying the single gold leaf electroscope, (14) fig. 8, to 
either end of the pile, the leaf will be attracted, and will be 
subsequently repelled, as in the cases of ordinary electrical 
action. The electroscope described (61) fig. 23 is especially 
adapted to this experiment. 

Exp. 11. The pile being insulated as before, apply the 
double leaf electroscope, (14) fig. 9, one to each extremity, 
and a third in the centre, as indicated in the above fig. 52. 
The electroscopes at the extremities of the series will be 
divergent, whilst the centre electroscope will not appear to 
be afiected. If now examined by the usual tests,* the 
electroscope at the zinc extremity will be found positively 
charged, that at the copper extremity negatively charged. 
The single gold leaf electroscope, with electrical column or 
induction apparatus described (62) fig. 24, may be employed 
for detecting the opposite electrical states of the series ; or 
weak charges of positive or negative electricity may be 
imparted to the electroscope, Exp. 10. 

Exp. 12. Connect one of the extremities of the insulated 
pile, fig. 62, with the earth by a conducting wire, the leaves 
of the electroscope at that extremity will close ; the leaves of 
the central electroscope will now open slightty, whilst the 
distant electroscope at the opposite extremity will diverge 
more freely. 

Bitter found that when a communication was formed 
between the positive end of the voltaic pile and the earth, 

♦ Rud. Elect. (14), p. 11. 
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the whole apparatus became negatively electrified, and when 
the commonication was made with the negative end it 
became positively electrified. 

113. As we are necessarily compelled, in treating this 
subject, to employ the terms "tension" and "intensity," 
as being of frequent occurrence in the sciences of electricity 
and magnetism, we especially desire to call attention to 
what we have already advanced on this subject in our 
Eudimentary Electricity, p. 141. sec. (120), more especially 
as some little misapprehension has occasionally arisen rela- 
tive to such terms. By the term "tension" we are to 
understand — ^as its Latin derivation (" tendo ") imports — a 
sort of straining or stretching of any kind, and by which a 
species of re-active force is called into being. Take, for 
example, the contractile force of an elongated elastic body, 
or conversely the expansive force of compressed air or a 
bent spring : in all these cases we have what is called a 
state of " tension," and the re-active force will be as the 
disturbing force directly. In the case of compressed air, 
for example, it will be as the compressing force ; and conse- 
quently as the quantity of air or number of particles in a 
given space, that is, as the density. If we for a moment 
imagine the unknown cause of electricity to be a peculiar 
subtle elastic fluid capable of compression, then similarly 
twice the quantity upon a given area will have twice the 
re-active force ; that is to say, its " tension " will be doubled. 
So that in this sense the "electrical tension" will be 
directly as the quantity of the accumulation on the same 
area. The same considerations would apply to any other 
assumption of the precise nature of the electrical agency 
capable of originating re-active force. Now the term 
" intensity " has a distinctive and rather different accepta- 
tion to this ; it virtually signifies degree of force, or degree 
of tension* Thus the state of tension may be twice as great 
or intense in one case as in another. 

114. In ordinary electricity this degree of t^x^^-^^ 



110 BUDIKESrTJLBT GiXTAKEBK. 

that isy ^' intensit J," is measured by the ordinary attrac- 
tive or repulsiye electrometers. When an instrument 
is used whose indications are strictly con^rable, we find 
the intennty or attractive force of a chaiged system to be 
as the tguare of the charge directly. If, for example, twice 
the quaatity of electricity be thrown upon a Leyden jar, the 
attractive force as indicated hj an electrometer will be four 
times as great. Thus, whilst the tension is as the quantity 
fiimplyi the intensity, taken as a measure, is as the square 
of the quantity, aud the tension therefore as tiie square 
root of the intensity ; the surface on which the electricity is 
collected being always tiie same : we may with propriety say 
" electricity oi tendon '* or " tension of a charge,'* Ac, but 
we cannot correctly say "electricity of intensity," or " in- 
tensity of charge,' ' &c, although this last form of expression 
has been often employed conventionally, and "intensity " 
oonfounded with " tension," which should not be tiie case. 
According to the intensity electrometer, the tension of a 
charge would be four times as great with a double accumu- 
lation on the same area, whereas it is only twice as great, as 
we see by Lane's discharging electrometer, which shows the 
power of given accumulations to overcome distances or impe- 
diments in proportion to the quantity. 

115. Ten^n also applies to the reactive force of particles 
constrained to assume a new condition or forced deviation 
from a normal state, as, for example, to the condition of the 
particles of a non-conducting medium, such as air under 
induction, between the opposed sur&ces of a charged and 
neutral conductor.* Faraday has occasionally employed 
the term "tension" to designate electro-motive force ; but as 
being expressive of any occult or specific quality of elec- 
tricity considered as a material agency, no intelligible defini- 
tion of the term has been as yet ever proposed. So far, 
the question is open to much further investigation. Until, 

* For a fall explanation of all these points, the student is referred to 
onr ^Hdiznentaiy Electricity, chap. iv. p. 141. 
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however^ we become better acquainted with the nature and 
Bource of the agency we term electricity, and of which at 
present we may be said to be perfectly ignorant, it would be 
quite useless to speculate upon any occult or hypothetical 
quality it may be assumed to possess, under the designation 
of the term "tension." 

116. It is impossible not to be struck with the great 
approximative condition of the pile to the similar existing 
conditions of a magnetic bar,** or that of an insulated 
charged conductor under the inductive action of a conductor 
either insulated or connected with the earth.t In the 
magnetic bar the system would appear to be too rigid 
to admit of the changes shown in Exp. 12, although the 
tendency is evidently the same, as is seen in connecting 
either extremity of the bar with a large mass of iron. 
In the case of the electrically charged and neutral con- 
ductor, many of the phenomena may be approximately, if 
not completely, obtained. Two electroscopes in connection, 
one with the positive, the other with the negative coatings 
of an insulated charged jar, are acted on in precisely the 
same way as the electroscopes at the extremities of the 
pile, Exp. 12. It would further appear from these experi- 
ments, that there is really what Volta terms an electro- 
motive action through the pile, by which the zinc end 
becomes positive, and the copper negative, the electrical 
tension of either end being increased when the opposite 
extremity is connected with the ground. It is likewise 
further proved, that the interposed fluid has conducting, 
not insulating, properties. If the fluid were an insulator, 
these electrical changes could not occur. So far Volta's 
hypothesis applies very happily to the phenoniena just 
enumerated Exp. 10, 11, 12, although it fails in a satis- 
factory explanation of the action of a simple circle ; in this 
case we are obliged to assume the existence of a constant 

* Rudimentary Magnetism (25), p. 21 ; (39) p. 35, part i, 
t Rudimentary Electricity (20), p. 15. 
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circulation of the natural electricity of the elements by some 
unknown influence in the positive metal by which it attracts 
electricity from one body, at the same time it is giving it off 
to another (-52). 

117. The development of electricity of tension in the 
pile increases with the number of the series, and is also 
very dependent on the kind of fluid interposed between the 
plates. It may be readily conceived that in the insulated 
state of the battery (112) i^g. 52, the first zinc plate can only 
act on the first copper plate; but the second zinc plate, 
receiving through the interposed fluid the accumulated 
charge of the first two plates, becomes more highly positive 
than if not so placed : to this accumulation we must add, as 
a constant quantity in the series, the independent action of 
the zinc plate on its associate copper, which renders it still 
more highly positive ; hence, we have a sort of uniformly 
accelerating accumulation up to the terminating copper at the 
opposite extremity of the battery, and a final electrical tension 
proportional to the number of plates. This tension would be 
necessarily augmented by a metallic communication between 
the opposite extremity of the pile and the ground, Exp. 12, 
because such a communication would tend to increase the 
electrical capacity of the plate terminating that end of the 
series. On this principle, Mr. Singer found that in the 
contact experiment, (14) Exp. 6, the efiect was considerably 
greater, when instead of insulating both plates, one of them 
was allowed to repose on the hand or some other conductor. 
This deduction, however, applies principally to the purely 
electrical developments of the pile, and has been found to 
obtain up to an arrangement in series of 1500 pairs of plates. 
118. When two wires connected with opposite extremities 
of the pile are brought near each other, a small brilliant spark 
is observed to pass between them, which may, imder ordinary 
circumstances, be considered as a purely electrical efiect, and 
as a result of common disruptive discharge. The tension, 
^owever, is not sufficient to admit of any considerable 
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striking distance, as in the case of a spark from the common 
electrical machine. This voltaic spark, therefore, seldom 
exceeds a striking distance of more than ^^th of an inch; we 
may, however, with very active voltaic combinations, obtain 
a very rapid succession of sparks, which occnr every time 
the contact with the battery is made or broken. 

119. If, in completing the circuit, we make the contacts 
through apiece of well-burned charcoal, then the sparkincreases 
in brilliancy ; and if taken between wires armed with char- 
coal points, the light, with a powerful battery, is of the most 
intense description, being almost insupportable by the eye. 
This astounding evolution of light does not appear to arise 
from any combustion of the charcoal, which, although par- 
tially ignited, suffers very little waste. The spark is brilliant in 
different gases ; and will even take place when the charcoal 
points are immersed in fluids of low conducting power, such 
as oils and water. There is no doubt but that, in some 
cases, the production of the voltaic spark is mixed up with 
the ignition and combustion of the metallic surfaces between 
which it occurs. 

120. In a highly rarefied medium, the spark taken between 
charcoal points may be extended into a beautiful arc of 
voltaic flame, of G inches in length, described by Sir H. Davy 
as resembling two cones with their bases opposite to each 
other, and producing beautiful coruscations of purple light. 
This effect may be also produced in air, with a very powerful 
battery, through a space of several inches. When the char- 
coal points, being heated to whiteness, are withdrawn from 
each other, then it is the voltaic discharge takes place through 
the intervening heated air.* 

121. The electrical effects of the pile have been further 
found to depend materially upon the kind of fluid with 
which the metals are associated, and to be, as before 
observed (47), greatest when the chemical action of the 
series is least. Yolta observed this in the electrical action 

* Elements of Chemical PMlosoph-Y^ ^. V^*^* j 
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of tha ^'oonronne des taases" {32). Having dbarged the 
sysbem with pure water, he observed Kiie degree of divergence 
of hifl straw ^ectrometer, and tried ifae power of the shock : 
On adding a small quantity of salt to each cup, the shodc 
evideniij increased, but the divergence of the electrometer 
remaiaed the same. The most poweafoltf^oE^rMMP^ effects are 
produced by exciting an ^ctensive series with common river 
water, by which a considerable charge is iosttntaneously 
imparted to the Leyden battery when coonected with the 
^otremities of the series. 

Exp. 18. Oottstruct a Cruickshank^ troogh (68) up to a 
aeries of 800 or 1000 plates, and ooanect tbe imier and 
outer coatings of about 10 square feet of coated glass with 
its podtive and negative extremilaes^ The coated glass will 
immediate^ become chained up to an intensify somewhat 
exceeding that of the voltaic tension, and will display through 
the ordinary electrometer active electrical development. 

Exp, 14. Allow the Leyden battery to remain in contact 
witii the exiaremities of the Voltaic series a« before, and having 
connected the outer coating with a wire attached to the ball 
of a discharger, bring the ball near the Imob of the battery. 
A rapid succession of sparks wiU be obtained by the con- 
tinued charging and disdiaiging of tiie jars; andif a£ne iron 
wire be made the medium of discharge, and one ^^Sbd of it be 
brought to touch the knob of the electrical battery in a 
repeated succession of contacts, we shall obtain brilliant 
scintillations and spaiiks attended by a crackling noise. 
With the water batteries of Cross, Noad, and Oassiot, already 
Allnded to (80), the electrical developments axe exsoeedingly 
powerful : electrical attractions and impulsions occur freely ; 
sparks, piorcing electrical streams, aiid shocks are also 
obtained. Seventy-three feet of coated glass continues to 
charge so rapidly as to cause repeated and load explosions. 
Wlien discharged through gold-leaf^ tlie leaf la brillimitly 
deflagrated^ Fine iron wire is caused to scintillate ; light 
^substances are attracted hj the charging ball of the 
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electrical battery at a distance of Bome inchefti and repelled 
again. 

122. The degree of electrical power thus deyeloped will be, 
as just observed, in proportion to the extent of the serieSi 
or number of repetitions. The size of the plates appears to 
ha,7e but little influence on the results. Three or four 
hundred pairs of plates, of 2 inches square, well insulated 
and charged with water, are sufficient for common purposes ; 
^nd it is important to observe, that this Voltaic battery has 
no such power, taken alone, as that which it gives rise to 
through the medium of coated glass. The most powerful 
electrical machine could not produce anything hke such 
effects, although it could charge coated glass to a much 
higher intensity (113.) The quantity of electricity evolved by 
the Voltaic apparatus must be therefore necessarily very 
considerable, although very limited as to tension. It is, in 
£Etct, incapable of charging coated glass to any great elevation 
of the ordinary quadrant electrometer ; but the degree to 
which it ccm charge it, is instantaneous. A single jar is 
always charged at once by the slightest possible contact, and 
to rather more than the intensity evinced by the extremities 
of the Voltaic battery employed. 

128. It would appear, therefore, that the Voltdc apparatus 
can supply almost an unlimited quantity of electricity, but 
then its tension is comparatively weak, and there is little 
doubt but that much of the electricity developed by the 
metals is lost through the fluid conductor with which they 
are associated. When we interpose an electrical jar or bat- 
tery between the poles or electrodes of the apparatus, we 
iiave a sort of magazine into which the electricity evolved is 
immediately received and stored up. The accumulation as 
to quantity, however, the intensity being limited, can only 
be in proportion to the extent of coated glass; hence we 
And that many equal jars, combined under the form of a 
battery, have greater electrical heating power than one jar 
alone, — a large jar greater than a small one ^ a wsaalL ^ 
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greater than the apparatus itself. Now, the heating effects 
of common electricity being altogether independent of its 
intensity, as manifested by the common electrometers, and 
entirely dependent on the quantity, we should expect to find, 
as we do in this particular case,, that the greater extent of 
surface we have in contact with the poles of the Voltaic 
apparatus, the greater will be the quantity of electricity 
accumulated and discharged at each breaking and completion 
of the Ley den circuit. We have, in fact, shown (Eudi- 
mentary Electricity, chap, vi.), that whatever be the extent 
of coated glass on which we accumulate a given quantity of 
electricity, or whether it be thick glass or thin, the whole 
quantity, at the instant of discharge, becomes concentrated, 
and will in any case produce the same effect on a metallic 
wire, although, if accumulated on a limited extent of surface, 
or on thick glass, the intensity as evinced by the ordinary 
electrometer may be very different.* The effect, therefore, 
being dependent on quantity, we can evidently, under a given 
degree of intensity, obtain a larger quantity of electricity 
upon a greater extent of surface than upon a small extent ; 
and this is precisely the case now under xK)nsideration. 

124. We owe to the ingMiuity of the celebrated De Luc, 
as before remarked (47), a very masterly analysis of the 
Voltaic apparatus, in which he clearly shows that an important 
line of demarcation exists between the purely electrical and 
electro-chemical action of the pile, and the order of the series 
upon which each of these powers depends. He takes the 
three elements of the series, viz., the two metals and fluid 
in three different ways. He first places the fluid between 
the two metals ; second, he joins the two metals together, 
first with the fluid in contact with one of them, and 
then in contact with the other, keeping the groups 
distinct by * intermediate wire supports, so as to confine 
the action so far as possible to the respective groups. 

♦ See Rudimentary Electricity, p, 163 j also Phil. Trans, for 1834, 
p. 225. See nho (189) p. 169, of this work. 
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The following figures, 63, 64, 55, represent these several 
arrangements. 

In fig. 63 we have the fluid /between the two metals z s, 
with an intermediate wire support between each group. lu 



Fig. 53. 



Fig. 54. 



Fig. 55, 
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fig. 64 we have the two metals, s z, combined with the fluid/, 
in contact with the zinc z. In hg. 55 we have again the two 
metals, s z, combined with the fiuid / in contact with the 
silver s, the groups in each series being separated as before 
by an intermediate wire support. 

126. This understood, we have to imagine an electrometer 
in connection with each extremity of the respective arrange- 
ments, and the opposite extremities further joined through 
an interrupted circuit of two wires in a tube of water, 
so that both the electrical 
and electro-chemical action 
of the respective groups may 
be observed : the one by the 
electrometers, the other by 
the decomposition of the 
water. The precise form 
of the experiment resorted to 
by M. De Luc is represented 
in the annexed figure, 56, in 
which If q risf represent two 
insulated piles connected at 
their zinc and copper extremities by a wire q r, so that p q 
r N may be considered as a single column, of which p is 
the positive, and N the negative extremity. Between. ^.W^feR. 
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eactremities, p k, are two glass tubes, w, containing wdter, 
and disjointed wires connecting with each end, p K, of the 
column, and united at o. SB are two gold-leaf electro- 
scopes, connected one with each end of the pile, as in 
Exp. 11 (112). 

In this arrangement it may be perceived that the decom- 
position of the water between the extremities of the wires in 
the tubes w would denote the activity of the chemical action ; 
they would be in fact two voltameters (93), whilst the electro- 
meters £ A would furnish a means of estimating the amount 
of pure electrical development. The piles employed by De 
Luc consisted of seventy-six pairs of zinc and silver plates, 
of rather more than an inch and a half in diameter ; the 
fluid between being in some expenmento pure wmter; in 
others, saline fluids. 

126. The dissecticm of the pile excited by pure water, as 
indicated in flg. 53 (that is, with the fluid between the two 
metals), showed, that the extremity connected with the wire 
in the tube w, evolving oxygen, is positiTe^ aad that the 
current proceeds from this to the wire evolving hydrogen. 
"With respect to the electrometers e b, ^iey are not always 
both affected at the same time ; sometimes one only drrerges, 
either at the positive extremity p, or at the n^ative extra- 
mity IT, The pile, when dissected in liiis way, acta electrically 
and chemically like the continuous pile, fig. 13 (27), but the 
action is less powerful. In either case, the shock from it is 
very insensible. 

When dissected in the second way, as represented in 
fig. 64, with the wet cloth in contact with the nnc^ the same 
electrical indications of the extremities P v are apparent ; 
but the shock is insensible when the interrupted circuit 
is added ; and no decomposition of the vrater is observable. 
Mens. Be Luc concludes, therefore, that the electrical and 
chemical effects originate in different sources; Here is an 
instance of purely electrical action without chemical action. 

The third dissection of the pile, in which the fluid medium 
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was in eonfcact vith the Bilver, gare neitiier electrical nor 
chemical indications. 

In this set of experisients the interpooed fluid wa9 pure 
water. 

127. When the intermediate cloth was saturated with a 
strong sohitiodi of muriate of soda, the first dissection of the 
pile, fig. 58, evinced similar electrical developments in every 
sense. Here, however, the power of the shock vras consider- 
able. When the interrupted circuit w was put on, the shock 
was less violent. Chemical action ensued, but was diminished 
bj uniting the opposite poles, p, through each hand, thereby 
showing ^at the conducting powers of the human body are 
pretty neoiiy the same as water. Bimikr results to those 
before obtained followed in the cases dl the second and third 
dissections of the pile (fig. 54- and 55}. 

128. M. De Luc concludes firom these investigatioiMrlhat 
the electrical effects of the pile depend on the assoOMition 
together of the two metals separated in groups by a non- 
metallic conduetcNT, whilst for the chemical e£fecls we 
require ternary groups of tvro metals with a fluid between 
them. The pile, as dissected in the first way, ^g. 53, is 
equivalent to the continuous pile, since we have ihe two 
metals connected by an intermediate wire frame. Here we 
hare the arrangement requisite to tiie purely electneal 
efiects, vi»., the two metals separated hy a fiuid j and we 
have also the arrangement necessary to the ch^nieal action, 
viz., two metals irith a fluid between them. In the second 
dissection, fig. 54, however, we have not this latter 
grouping : there are the two metals in contact, and each 
group is separated by a fluid, hence the pure electrical action ; 
but since there is no fluid actually between the metals, 
we have no attendimt chemical action. The tlurd dis- 
section gives, as might be expected, neither result; firsts 
because there is still no fluid between the metals, and, 
seeondly, because the sine has the copper plate on the 
one side and the wire-stand on the other ; the»e t^\£s>du«iAfi^^ 
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each other, both haying the same electrical relation to 
the zinc. 

129. The different effects observable in these experiments 
led to a further examination of the relations between the 
chemical action and the oxidation of the zinc of the pile. 
With this view a comparative pile was constructed of the 
two metals, silver and pewter, the latter metal being but 
little oxidable by pure water, but very oxidable by muriatic 
acid : moreover it has a favourable electrical relation to 
the silver. The results of a careful series of experiments 
showed, that when the pewter was but slightly oxidated by 
the water, no chemical effects ensued, nor was there any 
shock perceptible, although the electrometers diverged freely, 
— ^the pewter extremity of the pile being positive, and the 
silver negative. When the pile was excited by a strong solution 
of marine salt, the electrical action evinced by the electro- 
meters declined or ceased altogether. The shock, however, 
now became sensible, as also the chemical action in the 
interrupted circuit. On examining the state of the pile,' the 
pewter plates were found oxidated. In any case of voltaic 
action, whether purely electrical or chemical, the current is 
retarded in its passage across the interrupted circuit. 

130. The electrical effects of the pile we have been here 
examining are purely electrical, and may be termed primary 
effects, in contradistinction to certain other effects also 
electrical ; • termed secondary effects. Volta had observed, 
that when a slip of moistened paper is placed in connection 
with the poles of the pile, each half of it becomes differently 
electrified ; that portion next the zinc, or positive extremity, 
is electrified positively, and that portion next the copper, or 
negative extremity, is electrified negatively. If this paper 
slip be now removed upon good insulating glass rods, this 
polar electrical condition of the paper slip remains for a 
short time. Bitter, struck by this fact, proceeded to con- 
struct a pile of alternations of moistened cloth with a single 
metal. The extremities of this series being placed in 
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couducticg communication with the opposite extremities of 
the voltaic pile, it receives a charge similar to that of the 
moistened slip of paper, — one half of it becomes electrified 
positively, the other negatively. On breaking the connec- 
tions with the voltaic poles, the electrical state impressed on 
the secondary pile remains, and it will continue to exhibit 
all the phenomena of the primary pile for some time. This 
kind of pile has been termed the secondary pile of Bitter. 

Besides this class of secondary effects of the pile, there 
are other similar effects of an important and interesting 
kind, demanding especial attention ; these, however, depend- 
ing materially upon the condition of the metallic circuit 
joining the poles of the pile, and upon current and mag- 
netic force, will be considered in a future part of our 
work.* 

181. ^Physiological MffecU. — By physiological effects we 
are to understand effects more especially connected with 
the functions or properties of animal life, or, in fact, with 
any species of animated organised, matter.f We have seen, 
for example, that spasmodic and muscular contractions are 
elicited in the frog and other animals when exposed to the 
current of a simple voltaic circle (10), as also the peculiar 
sensations produced on the nerves of taste, in exposing the 
tongue and lips to the contact of two different metals (19). 
Such effects have been termed physiological effects, and 
they form a most important, and as bearing on the principle 
of vitality, a somewhat fearful scientific subject. 

Of this class of effects, the peculiar sensation experienced 
by the animal frame, when uniting the opposite poles of the 
voltaic apparatus, demands especial attention. About forty 
pairs of plates, with an intermediate solution of marine salt, 
is sufficient to produce a shock sensibly felt in the hands 
and arms, when the opposite extremities of the pile are 

♦ See (216), Chap. VII. 
t Physiology — from the Greek of ^{ktis^ ** nature," aud \<Jyos, "a dig- 
eooTM " — is the science of the structure of liviog beiu^. ^ 
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touched at the same instant, one with each hand, the hand» 
being well moistened with water. The most effectual way 
is to wet the hands, and hold in their grasp the bowl of a 
metallic spoon, we then bring the stems of the spoons to 
touch the opposite extremities of the pile. The character of 
this shock is less stunning, as it were, than that produced 
by the discharge of the Leyden jar, and less numbing than 
the shock of the Gymnotus and Torpedo ; the precise sensa- 
tion is scarcely to be described. By increasing the number 
of the series, this Yoltaic effect continues to increase in force, 
until at length it is perfectly insupportable. The acuteness 
of the shock does not, howeyer, depend so much on the size 
of the plates of the series, as on the number of repetitions 
and the natiu*e of the exciting fluid ; a series of plates of 
three inches square excited with dilute muriatic acid, will 
produce a shock quite as acute, although perhaps not quite 
as dense, as the same number of plates of six inches square. 
When excited, however, by river water, the shock of the 
same battery is scarcely perceptible. 

132. The great discovery of the voltaic pile, and its subse- 
quent conversion by Cruickshanks into a form of apparatus 
of increased power, necessarily led to very extensive experi- 
ments in its application to the resuscitation of suspended 
life, or to the semi-restoration of animal functions in cases 
of recent death, all of which involved physiological ques- 
tiovLB of deep and intense interest. 

A very moderate battery is sufficient to produce muscular 
motion in animals recently dead. If a wire, proceeding 
from the copper end of a Cruickshankd's trough, containing 
about 100 pairs of plates (68), and excited by dilute add^ 
be put into one of the ears of an ox or a sheep just 
killed, and {mother wire be introduced into the opposite 
ear, then, at each completion of the circuit with the zin& 
extremities of the battery, at small intervals of time, strong 
convulsive movements and contractions ensue in the 
several muscles about the head and fiu^, and which go at 
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first very far in iffipressing the experimenter with the 
idea, that all the original sensient powers are restored. 
The eje-balls become so affected as to roll apparently 
in their sockets, the eye -lids open and close, and a sort 
of smelling and chewing motion is excited in the musclea 
of the mouth and face, during which the nostrils vibrate 
freely and the jaws appear to masticate. When a horse, 
soon after it has been shot, is exposed to the electro* 
motire action of the apparatus, the limbs struggle with so 
much power as to require the united force of many persons 
to restrain them. In the course of some experiments of this 
kind on the head of an ox recently killed, the toDgue waa so 
forcibly drawn into the mouth as to detach a strong skewer 
by which it was secured to the table.* The legs of a frog 
also, with a much less powerful battery, may be caused to 
leap to a considerable distance. 

133. Of this class of experiment the application of the 
voltaic current to the human frame, either in a state of 
perfect life or immediately afber death, must be regarded as 
the most exciting and perhaps the most important; although 
in many cases awfully painful to behold. If a limb recentiy 
amputated be exposed to the action of forty or fifty pairs of 
plates, the muscles are immediately thrown into convulsive 
and contractile motion, whilst a powerful battery excites 
in a recently executed ci^iminal, terrible efforts of spas- 
modic life. The first experiments of this kind appear to 
have been made at Turin, on criminals who had perished 
by the guillotine. The most complete experiments, however, 
on record, are those carried out at Glasgow by Dr. Andrew- 
TJre, 4th November, 1818, on the body of a recently exe* 
cuted criminal, a man of middle stature, about thirty years 
of age, athletic and muscular. The body had remained 
suspended for nearly an hour, no <$onvulsive motion wa^ 
apparent hi the moment of execution. Tlie. body vftid 

... .. '. -rrL-j- 
* Wilkinw»*s GNatanitm, vbll it. / -^.~-:5r-^ 
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brought to the University about ten minutes after liayiug 
been removed from the gibbet. What renders these 
terrible experiments the more valuable is the great philo- 
sophical circumspection and care with which they were 
conducted ; all the dissections having been carefully made 
under the immediate superintendence of the Professor of 
Anatomy, Dr. Jeffrys. The battery consisted of 270 pairs 
of four-inch plates, charged with dilute nit ro-sulph uric acid 
(68). Under these circumstances the following experiments 
were carried out ; the annexed diagram, fig. 67, being taken 
to represent the general contour of the body, 

134. 1°. An incision was made at a, right under the occi- 
put at the top of the spine, and the spinal marrow exposed. 
Another incision was made at h at the left 
'^* hip, and the great sciatic nerve passing 

there laid bare. Finally, a third incision 
was made at c at the heeL Connections 
being established through a and h with the 
zinc and copper extremities of the battery, 
all the muscles of the body became vio« 
leutly agitated by a sort of convulsive 
shivering, more especially on the left 
side. On removing the wire at h, to the 
heel at c, the knee, which had been pre- 
viously bent, was thrown forward with 
such force as to overturn those who tried 
to restrain it. 
2^ An incision was now made at d, about three inches 
above the clavicle, so as to expose the nerve tiiere connected 
with the principal muscle of resph-ation, the diaphragm, and 
communicating also with the heart. Another incision was 
made about e, under the cartilage of the seventh rib, 
dose to the diaphragm. On making the contact with the 
battery very perfect between these points d e, and at the 
flame time drawing the distant extremity of one of the 
^Kmnecting wires of the battery rapidly over the plates in 
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the last trougli leading to either of the electrodes or poles, 
laborious breathing instantly commenced ; the chest began 
to heave, and all the auxiliary machinery of respiration were 
called into operation. This experiment appears to have 
been the most striking experimenb as yet made with the 
voltaic apparatus; and although no pulsation could be 
detected at the wrist, owing to the blood-vessels having 
been so long drained of blood, yet it was inferred, that but 
for this evacuation, that phenomenon might also have been 
produced. 

3°. An 'incision was now made at r, just above the eye- 
brow, so as to expose the nerve which passes out there, and 
connections with the battery made with the heel at c. On 
running one of the wires over the plates as before, from the 
220fch to the 270fch pair of plates, thereby accumulating a 
rapid succession of 50 shocks, each greater than the pre- 
ceding, every muscle of the face became thrown into a state 
of fearful action, expressive of rage, horror, despair, and 
eliciting such ghastly smiles as to drive several of the 
spectators from the apartment. 

4°. The last experiment consisted in transmitting the 
voltaic current from the connection with the spinal marrow 
at a to the great nerve of the arm, where it passes by the 
elbow at t. The fingers now moved with great rapidity and 
flexibility like those of a performer on the violin. On remov- 
ing the connection fi*om ^ to an incision in the top of the 
forefinger at m^ the finger instantly became extended, and 
in such way as to appear to point to different persons. 

135. Prom the amazing influence of the voltaic apparatus 
on these apparently extinct vital functions, it is difficult to 
say, as observed by Dr. TJre, whether life might not have 
been eventually restored, supposing the exciting current 
had been at once applied to the muscles of respiration 
between d and e before the spinal marrow had been wounded, 
and the blood-vessels exhausted of their blood ; Dr. Wilson 
Philip having shown that the action of tbe dia^\w».'^!aa. «b^ 
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luBga must precede the restoration of the circulatioa and 
the action of the heart : the conclasion is an important 
one, inasmuch as it indicates an efTective application of the 
apparatus in cases of suspended animation from noxious 
Yapours or other causes. In such cases Dr. Ure proposes 
as the most hopeful course^ to transmit the current along the 
channel of the nerves, thereby providing a temporary sub- 
stitute for that nervous influence, without the presence of 
irhich life is impossible. It would appear fh)m Dr. Wilson 
Philip's very beautiful physiological experiments,, that the 
metallic electricity of Volta, can really stand for or supply 
the place of what has been termed the nervous fluid. 
Having destroyed the nerves of digestion in some rabbits, 
he succeeded in carrying on the functions of the stomach by 
means of the voltaic current, and so as to sustain life and 
digestion during a period of 26 hours. His general con- 
clusions are, that voltaic electricity can effect the secretion 
of fluids from the blood requisite to the purposes of animal 
life, and that, too, much in the same way as ia effected by 
the nervous power, — a conclusion which has been further 
verified by other physiologists, 

136. A vast number of experiments made upon recently 
executed criminals and large animals, show that what has 
been termed galvanism exercises a powerful stimulating 
action on the muscular and nervous systems; that the 
stimulation is far greater than anything resulting from any 
mechanical agency, and is hence a powerful means of 
restoring suspended life, combined with other remedies, in 
severe cases of asphyxia, arising from any cause ; but the 
actual vital primary power it can never supply. 
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CHAPTEK V. 

CHEMICAL EFFECTS OP THE PILE. 

Brief Beviev of the nature and ol^jeets of Chemical Seience-^Bkinentfl of 
the Material World — Doctrine of Definite Proportions — ^Acid and 
alkaline effects of the opposite Electrodes in changing the colour of 
Vegetable Infusions — Revival of Metals — ^Decomposition and Becompo- 
sition of Water — (Jrotthus's Theory of the Transfer of Elements — 
Davy's Bicsearches and Experiments — ^Deoompoution of the Alkaliefl — 
Further Illustrations of the Electro -Chemical action of the Pile — 
Review of the Theories of Davy and Faraday. 

137. Befobe entering upon this branch of o^ir subject, it 
may not be undesirable to advert briefly to the nature and 
objects of the science we term Chemistry, as being essential 
to a full appreciation of the voltaic apparatus considered as 
a chemical agent. We may here observe, as common expe- 
rience teaches us, that the various bodies around us and of 
which the material world is made up, are in a constant 
state of change to a greater or less extent. We see water, 
for example, assuming the form of vapour. What is called 
the decay of the leaves amd branches of trees exposed to 
the winds, rain, and other atmospheric influences, is in fact 
the conversion or transmutation of one kind of substance 
into another. We observe in our common fires the beau- 
tiful phenomenon of combustion, this is in fact nothing 
more than a new combination of the constituents of the 
fuel with a portion of the air we breathe. In the union of 
an acid with an alkaline substance, such, for example, as 
that of nitric acid, vulgarly called aquafortis, with potassa, 
commonly called potash, we observe two acrid caustic bodies, 
each in itself pungent and destructive, so combined as to . 
lose all their primitive characters and constitute a mild 
neutral salt termed the nitrate of potassa^ vul^^V^ <iSk&^|| 
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saltpetre. Now, iu all these processes not a particle of 
matter is lost; all is change only, either of form or conversion; 
— one kind of substance, in fact, is converted into another 
kind. Now, it is the object of chemical philosophy to trace 
and examine the nature of these changes, to determine as 
far as possible the simple elementary constituents of every 
kind of substance, that is, the primary matter of Avhich 
various bodies consist, and to investigate the great natural 
agencies or powers by which these chemical combinations 
are established or subverted. The term Chemistry, in fact, 
really signifies a knowledge of the constitution of the 
various bodies composing the material world;* and the 
powers by which they are regulated and controlled. 

138. Although the several kinds and forms of matter 
around us are almost innumerable, and the changes of which 
they are susceptible almost infinite, still the analytical eye 
of chemical science, perceives amidst what may seem to be a 
confused variety, about fifty-two distinct elementary bodies ; 
out of the various combinations of which, in quantity and pro- 
portion, all other substances arise. These bodies have been 
termed simple elements; they are considered, however, as 
elements, only so far as they are by any means in our power 
incapable of further change, or of being resolved into other 
kinds of matter ; they are all subjects of weight and.measure. 
Of these elements four have especial and marked powers, 
as displaying an extraordinary diHposition to unite with 
the remaining forty-eight, and which they act upon 
in various ways — corroding, penetrating, or dissolving 
them. These four bodies have been termed oxygen, 
chlorine, iodine, and fluorine. The remaining forty-eight 
elements consist of; — 1°. Two gaseous bodies, termed 

* The term ** Chemistry" appears to have heen originally taken from 
the Arabic of *' Kimia," which signifies occult, or concealed, and was pre- 
ceded by the term *' Alchymy ; " a term given to a sort of tentative, or 
speculative, process for converting the baser metals into gold : a term, 
also, from the Arabic of **al," the, and **kiroia," secret, from *'"kamai," 
to hide. 



GEKSRAL PBIHOIPLES OF OHSMIGAL SCIEVCX. 129 

Iijdrogen and nitrogen. 2". Two fixed infusible solidSi 
termed carbon and boron. S"*. Two fusible volatile aolids, 
termed ^ sulphur and phosphorus ; and forty-two metallio 
bodies, such as gold, silver, copper, &c. 

139. The great unknown powers of nature to which these 
elements of the material world are subject, and by which 
their combinations under various forms of substances aro 
established or subverted were, up to a late period, but very 
indistinctly apprehended. An hypothetical force, termed 
chemical attraction, chemical affinity, or elective attraction^ 
was the supposed cause or causes of these various changes in 
the elements of matter. Geoffroy, an acute Prench physician, 
says: *' There are certain relations amongst the different 
bodies which cause them to unite," that " those which unite 
by preference have the greatest affinity," that is, the greatest 
attraction for each other. Take, for example, the decompo- 
sition of a solution of the carbonate of soda of the shops by 
tartaric acid. In this case, on adding the tartaric acid, the 
soda immediately combines with it, and its union with the 
carbonic acid is at an end, which hence becomes, as it were, 
thrown out as fixed air. Similarly, if we mix solutions of 
nitrate of baryta and sulphate of soda together in certain 
proportions, the acids in these salts will actually change 
places, the nitric acid, in combination with the baryta, will 
go over to the soda, and the sulphuric acid, in combination 
with the soda, will go to the baryta, and we shall have 
the two original salts converted into two new salts by this 
sort of elective attraction ; (viz.), sulphate of baryta, which 
is insoluble in water, and which sinks to the bottom of the 
vessel, and nitrate of soda, which remains in solution. 

140. Bergman, and subsequent chemists, modified and 
■ adopted these views, which were generally received. At 

length, a vast number of beautiful experimental inquiries 
led to a larger and more comprehensive idea of chemical 
combination. Dalton, a name illustrious in the annals of 
chemical philosophy, propounded, about the yeac IfiA*^^'^ 
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tbeoiyof cbemical combinations of singular iiitiereet. Having 
afHraroed ihat matter is made up of infinitely small particles, 
termed ** atoms/' he deduced a law of combination of these 
atoms in definite or limited proportions. Thus^ for ex- 
ample, 40 parts of sulphuric acid combine with 77 parts of 
baryta, to produce 117 parts of the insoluble salt termed 
sulphate of baryta, and no way of putting these substances 
together in quantity can affect these definite proportions. 
Dalton also supposes, that in chemical ccHubinations, one 
atom of one constituent always imites, either with one atom 
of another constituent, or with two atoms, or with three, 
and so on in multiples ; each combination, although a combi- 
nation of the same elements, forming a different substance. 
Thus the chemical constituents of the air we breathe are 
really those of the caustic destructive substance we term 
aquafortis, or nitric acid; but then the constituents are com- 
bined in different proportions. Dalton further imagined, 
that the relative weights of these ultimate material atoms 
might be inferred from the proportions in which the two 
constituents unite. Such relative weights he termed atomic 
weights. Although the assumption of material atoms is 
evidently a piece of pure hypothesis, yet, as a sort of 
scaling-ladder to high^ chemical knowledge, it is a conve- 
nient hypothesis. Wollaston, however, in order to express 
the defii^te proportions in which substances combine che- 
mically, uses the less objectionable term, "chemical equi- 
valent." Davy, on similar grounds, employs the term 
" proportion " only. The term chemical equivalent then 
implies the proportion of a given substance, requisite to act by 
the laws of chemical affinity on another substance, to form a 
new substance. The result of all this has been a table of equi- 
valent numbers for each element of a compound, expressing 
the ratio of combination reduced to its lowest terms ; the 
number for a given prominent element, say hydrogen, being 
taken, as unity, lict, for example, the relative equivalents, 
9r atomic weights, of the following substances be ; hydrogen 
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= 1, carbon = 6*12, oxygen = 8 ; then whenever hydrogen 
and carbon combine chemicaUj particle to particle^ they 
will unite by weight in the ratio of 1 : 6*12 ; similarly, 8 of 
oxygen will unite with 1 of hydrogen, or 6*12 of carbon. 

141. The profound French chemist Gay Luaac, and 
the celebrated Humboldt, following up Dalton's views of 
chemical union according to definite proportions, made a 
further discovery of a similar law for gaseous combinations. 
They showed that in the combination of gases, these sub- 
stances unite by volume also in simple definite proportion. 
Thus they observed, that water for example, is formed out 
of the imion of 100 volumes or measures of oxygen, and 
200 of hydrogen, and of no other relative quantities ; which 
would be the ratio of 1 : 2, combinations of 1 : 1, 1 : 2, 1 : 3 
as measures of volume they found to obtain in all gaseous 
combinations. 

142. It would be trespassing too much on the limits of 
this work to pursue these brief remarks further ; we have 
said enough, perhaps, to render intelligible the bearing of 
voltaic electricity on the science of chemistry, under the 
form of a new science, termed Electro-Ghemistry ; and to 
show how wide a field of chemical research became exposed to 
view by the discovery of such an astonishing agency as thai 
of the voltaic current (23) (33), exerting as it does, an 
influence almost omnipotent over the constituent elements 
of bodies. Hitherto the agencies at the command of the 
chemist were principally the action of substances on each 
other ; that is to say, chemical affinity, and that of caloric 
or fire. Here, however, we have« new power greater than 
any thing the imagination of the chemist could have devised. 

143. The beautiful discovery of the decomposition of 
water through the agency of the voltaic battery (35), may 
be considered as the great fundamental experiment of what 
has since been termed Electro-Chemistry. Messrs. Nicholson 
and Carlisle not only effected the evolution of the consti- 
tuents of water from the wires in connection with th& 
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opposite extremities of the pile, but they further collected 
the two gases, hydrogen and oxygen, in separate tubes, and 
found the comparatiye volumes, eyolyed in the same time, to 
be in the same proportions as those in which, by their che- 
mical combination, they would again re-combine into water 
(141) . By means of his improved battery (68), Cruickshanks 
very fully confirmed these results, and made still further 
advances in the new science of electro-chemistry (36) : 
he employed silver wires in the water of the interrupted 
circuit (36), and coloured the water slightly with tincture of 
litmus. Then it was observed, that the silver wire coming 
from the zinc extremity of the battery, turned the colour of 
the fluid in contact with it faintly red. On colouring the 
water with a weak infusion of Brazil wood, the silver wire 
coming from the copper extremity of the battery changed 
the colour of the fluid around it to a deeper shade, inclining 
to purple. Now, as these eftects are precisely the same as 
those resulting from the addition of an acid or an alkali to 
water so coloured with litmus or Brazil wood, it was 
inferred that an acid had been generated at the point of the 
silver wire coming from the zinc or positive extremity of 
the battery, and an alkali from the silver wire coming from 
the copper or negative extremity of the battery. 

144. AVhen the voltaic current was passed through the 
same interrupted circuit, in a glass tube filled with solution 
of acetate of lead, commonly termed sugar of lead, the lead 
was x>bserved to come out of the solution of the metallic 
salt, and collect upon the extremity of the negative wire. 
Other metals became shnilnrly revived from solutions of 
metallic salts, such, for example, as silver from solution of 
nitrate of silver, copper from solution of sulphate of 
copper, &c. Various neutral salts, in solution, as the 
sulphate of soda, &c., were also decomposed in a similar 
way, and resolved into their constituent elements — an alkali 
and an acid. 

145. By a careful investigation of the gases collected, the 
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effects of wires of different metals, and the influence of the 
fluid in tbe interrupted circuit, Mr. Cruickshanks further 
concluded ; that in any fluid containing water, the gas evolyed 
hj the wire coming from the copper extremity of the battery 
is always hydrogen ; and if the fluid in the interrupted 
circuit be a solution of some metallic salt, then the metal of 
that salt is caused to re-appear, as it were, out of that solu- 
tion, upon this same negative wire. If the wire coming 
from the zinc extremity of the battery be a wire of platinum 
or gold, which metals are not liable .to oxidate, then pure 
oxygen is always disengaged from this positire wire ; but if 
the wire be a wire of copper, or other metal liable to oxida- 
tion, then this positive wire becomes covered with metallic 
oxide, and but little oxygen is evolved. He also found that 
fluids not containing oxygen will not transmit the voltaic 
current, but that any fluid which does contain oxygen ipill 
transmit the current. 

146. The following experiments will be found highly 
instructive illustrations of these electro-chemical effects of 
the voltaic apparatus. 

Exp. 16, Fill two small glass receiver?, h o, fig. 68, of 
about f inch in diameter, with 
water, and invert them in the 
iisual way in a vessel, t, also full 
of water. Let two wires p n oi 
gold or platinum be attached as 
terminations to the copper wires 
z c to be connected with the 
opposite extremities of the voltaic 
battery. Then, immediately the 
circuit is complete, bubbles of 
gas will continue to be evolved 
from each of the wires p m, which will rise up and 
displace the fluid in the small receivers H o, and in such 
way that twice the volume of gas will be disengaged from 
the negative wire o n in a given time, as is disengaged Ctcws^. 
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the positive wirie p z ; so that if the two receivers h o be 
preciselj equals then, when all the water is displaced from 
the tube h oyer the negative wire n, onlj half the water will 
have been displaced from the tube o over the positive wire p^ 
thereby showing that the comparative volumes of the evolved 
gases are as 1 : 2. (14il.) 

Exp. 16. Bemove the receiver h, whilst carefiillj retaining 
the gas within, and after reverting it, i^ply a lighted taper 
to the mouth of the tube ; the gas may thus be inflamed. 
Bemove the receiver o in a similar way, and apply a lighted 
taper as before ; the gas in this tube will not inflame, but 
if a small lighted match be immersed in it, the match will 
bum with great brilliancy. 

It will be immediately perceived, from these effects, that 
the two gases display the great properties of hydrogen and 
oxygen gases, according to ordinary chemical tests. 

Exp. 1 7. Eill one of the receivers o as before with water, 
and having inverted it, bring both the wires p n, fig. 58, im- 
mediately under it, so that the two gases evolved may rise 
together into the same tube, and displace the water. When 
full of the two gases, remove the receiver, revert it, and 
apply a lighted match to the mouth of the tube. The gases 
will then explode and vanish into water. 
A very elegant form of this experiment is shown in the 
Fig. 59. annexed fig. 59, in which m ^ is a very thick 
and strong tube of glass, about ^ths of an inch 
interior diameter, and 10 inches long, having 
_^|^two short wires ah secured through holes 
pierced in its sides immediately opposite each 
other, leaving a small interruption between them 
within the tube. Having collected the gases 
as in the last experim^it in this thick tube or 
receiver, secure it by a coA thrust into the 
€ lower orifice q. If now an electric spark from 
a small Leyden jar be passed through the interrupted wires 
« h^ the two gases will recombine into water with explosive 
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force, and the cork q will be driren with yiolence out of the 
mouth of the tube. 

Exp. 18. Fill a glass tube of about half an inch or more 
in diameter with dilate solution of the muriate of tin, the 
solution being secured in the tube by a cork fitted in each 
end of it. Let a metallic wire be passed through the centre 
of each cork, and project freely within the tube, as repre- 
sented in the annexed fig. 60. Connect one of the wires p 

Pig. 60. 



with the positive or zinc pole of the voltaic apparatus, and 
the other wire k with the copper or negative pole. Then 
wiU an extremely beautiM vegetation of metallic tin 
begin to grow around the negative wire K, and will soon 
cover it. A similar result ensues in solutions of other 
metallic salts. 

Exp. 19. Eill a syphon tube, t fig. 61, of about half an 



Fig. 61. 
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inch in diameter, with a delicate infusion 

of red cabbage leaves, and introduce into 

each side of it a platinum wire as indicated 

in the figure. Connect the wire n with the 

negative side of the voltaic apparatus, and 

the opposite wire jp with the positive side ; 

after a short time the infusion on the 

positive side p will have changed to red, 

and that on the negative side n to green. 

If the connections with the battery be 

reversed, that is, if n be connected with 

the positive side, and p with the negative, then the colours 

will gradually subside and change places, the side n will turn 

to red and the side j> to green, thereby showing that an alkali 

has been determined to the negative wire, and an acid to the 

positive, the same redults being obtainable by the addition 

of a weak alkaline or acid solution to either leg of tha ^ 
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and of which this vegetable infusion is in its change of 
colour a most delicate test.* 

147. On reriewing these early results of voltaic action, 
we cannot but be impressed with the singular and wonderful 
influence of the apparatus as a chemical agent, and its 
powerful sway over the particles of common matter; such 
results alone would necessarily awaken in a philosophical 
mind the most intense interest, but the progress of the new 
science of electro-chemistry was destined to elicit still 
greater eflects, and lead to questions of still deeper interest. 
Eitter, a young and ardent experimental philosopher at 
Jena, observed, that in the decomposition of water (146), 
Exp. 16, it was not requisite to terminate the wires of the 
battery in the same vessel, but that portions of water sepa- 
rated by sulphuric acid still underwent decomposition when 
connected with the positive and negative extremities of the 
apparatus, oxygen being still evolved from the positive wire, 
and hydrogen from the negative. Now, one of the effects 
observable in the original experiment of Nicholson and 
Carlisle (35), considered at the time as surprising, and 
difficult of explanation, is the production of the separated 
elements of water at the opposite electrodes (42) of the 
apparatus, and that too without any discoverable transfer 
of either of the disengaged elements. We will imagine, for 
example,'a particle of water decomposed at the positive elec- 
trode, say at p fig. 58 (146), then the hydrogen from which 
the oxygen is separated and evolved must be supposed to 
travel to the negative electrode n, and to be only apparent on 
reaching that point. Conversely, if we suppose the decompo- 
sition to be at the negative electrode, then we must conceive 
the separated oxygen to travel to the positive electrode. All 

* To prepare the test :— We infuse the minced leayes of the red cabbage 
in a small quantity of distilled hot water, and then strain oiF the liquid, 
which will haTe a delicate blue colour, and will become green by the least 
addition of an alkaline solution, and red, by adding the weakest acid 
solntioD. 
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this becomes the more wonderful in the experiment of 
Bitter, in which the elements must be imagined to trarel 
through intermediate acid. This appeared to Bitter so 
unlikely, that he was led to imagine that the particles of 
water at each pole were wholly transformed, one into 
oxygen, the other into hydrogen. 

148. Davy, whose future electro-chemical researches were 
destined to shed so much lustre on British science, struck by 
this extraordinary experiment, submitted separated portions 
of water placed in different glass vessels to the influence 
of the voltaic apparatus, as indicated in fig. 64 (151) ; no 
result ensued so long as the two portions of water remained 
disunited; directly, however, they were joined by a con- 
ducting wire or other channel of conduction, then the 
decomposition went on in each glass as usual. In this 
experiment, if any transfer- of either of the elements of 
water took place, it must have been necessarily through the 
intermediate communicating wire or other conductor. 

149. Gbrotthus examined this question with great ability 
and ingenuity. He supposes, in the chemical constitution 
of water, an atom of hydrogen to be united to an atom of 
oxygen ; * that these substances have certain natural 
electrical tendencies or conditions, hydrogen being a positive 
body, and oxygen a negative body (17). Whilst constituting 
water, these natural electricities neutralise each other, and 
hold the two atoms together, the two forces being then in 
equilibrio. Directly, however, a particle of water is exposed 
to the influence of the voltaic series, this equilibrium 
is overset or disturbed, and a particle a, fig. 62, at the 
positive extremity p will have its oxygen atom o drawn 
towards p, and its hydrogen atom h! repelled from it. The 

one (oxygen) being by the hypothesis an electro-negative 

« 

* Balton sapposes one volaroe of oxygen to contain as many atoms as 
two Yolnmes of hydrogen ; so that, although we suppose the gases united 
atom to atom, still, taken as volnmes, they are anited in the proportions 
ofl :2. 
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substance, and the other (hydrogen) an electro-posifive 
substance. Conrersely, a particle of water h at the negative 

Fig. 62. 




— i 



•extremity n of the apparatus, will have its hydrogen atom h 
drawn towards n, and its oxygen atom o' repelled from it.* 
The two elements of the water will be so far loosened in 
their state of chemical union. A similar result will ensue 
in the next succeeding particle of water by the influence of 
the atoms V o\ and so on through all the intermediate con- 
ducting chain between a and h ; that is to say, we shall have 
what has been termed a polar electrical series, in which all 
ihe positive electricities look one way, and all the negative 
electricities the other,t as indicated by the positive and 
negative signs in the next flg. 63, in which jl p represents 

Fig. 63. 




the anode, or positive electrode ; o N the cathode, or nega- 
tive electrode (39) \ ah e d being successive particles of 
water made up of the gases oxygen and hydrogen o A, and 
in opposite electrical states, as denoted by the signs 
-\- and — . 

150. The atom of oxygen o, particle «, fig. 63, being as it 
were thus loosened in its combination with the hydrogen 
atom A', the positive wire p, by neutralising* its negative 

* Rudimentary Electricity (16), p. 13. '* Similar electricities repulse, 
and opposite electricities attract each other." 
/• Ibid (38), p. 45. 
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electrical energy, may either combine with it, or set it free 
altogether under the form of gas. Similarly, the negative 
wire V may set free the hydrogen h. Directly, however, the 
first oxygen atom o is evolved, and its associate hydrogen 
h! left alone, then this same hydrogen h' effects a decom- 
position of the next particle of water b, unites with its 
oxygen atom, and again forming water, sets the next 
hydrogen atom free ; and so on through the whole chain 
of electrical action, up to the last particle of water d^ 
at the negative wire k, where an atom of hydrogen h 
is finally dismissed altogether in yielding up its positive 
electricity to the negative wire. "We may easily conceive 
a series of decompositions and recompositions converse 
to this, from k towards p, thereby causing a mutual 
interchange 6f opposite electricities and a final evolution 
of the two gases at the opposite wires p n. by the con* 
tinned action upon successive particles of water in 
contact with them. A mechanical illustration of this sort of 
action may be derived -from the impulse upon a series of 
suspended elastic balls (24)^ fig. 11, a comparison by 
G-rotthus himself in further elucidation of his theory, and 
which very plausibly removes the difficulty in explaining the 
evolution of the gases from the positive and negative wires 
of the apparatus, when separated by a considerable interval 
or placed in distinct vessels of water united by conducting 
matter (147) (148). 

161. The preliminary experiments by Davy (148), carried 
on between the years 1800 and 1805, were soon followed by 
a far wider range of experimented investigation, giving rise 
to the most brilliant results and discoveries which had as yet 
adorned this department of science. It was evidently to be 
inferred from the phenomena developed (146) in experiment 
19, that alkaline matter ia evolved at the negative wire n, 
fig. 61, and acid at the positive wire^ ; and it would .hence 
appear that an acid is generated by the positive wire, and 
^alkali by the negative wire. Such was not, ko^«^^,'^«rJ ^ 
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view of tbis result. He conceived that the alkaline and acid 
matter arose from the action of some peculiar power of the 
apparatus, hy which hydrogen and inflammable matter, 
alkalies and metals, are determined to its negative pole, and 
oxygen and acids to its positive pole (37) ; that the forces 
thus excited are sufficiently powerful to detach the substances 
in question from their most intimate combinations, and that 
hence the alkaline matter found in the water arose from a 
partial decomposition of the matter of the vessels used in the 
experiment, and the acid from the oxygen of the water with 
the nitrogen of the air. Davy, in the years 1806 and 1807, 
with consummate skill and address, fully pursued this 
momentous question through all its various and perplexing 
phases. Instead of a continuous vessel or syphon tube, 
employed in Exp. 19, ^g. 61 (146), he had recourse to 
separate vessels, and in order to avoid all possible interfer* 
ence from disturbing causes, he employed vessels of agate 
filled with water, carefully distilled, and connected by fibres 
of transparent amianthus or mountain flax. The arrange* 
ment is represented in the adjoining fig. 64, in which p N are 
the wires attached to the positive 
and negative extremities of the ap- 
paratus having terminations of gold 
or platinum ; «, b the agate cups, 
containing distilled water, and d the 
fibres of amianthus connecting them. 
The result, however, was still traces 
of acid at the positive wire p, and alkali at the negative 
wire N, notwithstanding the great precautions resorted to. 
When, however, instead of agate vessels glass cups were 
employed, the alkaline traces became much more marked and 
abundant, which should not have been the case, if the matter 
of the vessel containing the water had no influence on the 
result. Davy, therefore, still inferred that the source of the 
alkali was to be sought for in the decomposition of the matter 
of the resBel employed in the experiment. 
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Under this convictioD, and to completely avoid this source 
of fallacy, two cups, a, 6, ^g. 64, of pure gold, were now 
employed, containing water distilled from a silver still, 
these gold cups being connected with the incombustible 
mineral fibres as befdre. Still further to perfect the experi- 
ment, the whole process was conducted under an exhausted 
receiver, from which all traces of oxygen were removed, so 
far as possible. In this case, the result was in complete 
accordance with Davy's new views, no traces either of alkali 
or acid were apparent, although the electro-chemical action 
went on in the tcater as usual. Thus vanished all the fine 
speculations on the power of electricity to generate new 
substances from water. 

152. These highly intellectual and persevering inquiries 
became, in the hands of Davy, the germ of further and 
astonishing electro-chemical discoveries. Considering the 
immense influence of the negative wire in effecting a decom- 
position of the agate and glass vessels, and in calling up one 
of their constituent elements inte the water they contained, 
he conceived that the same power which could subdue such 
stubborn chemical combinations as exists in the constituents 
of agate and glass, might subdue, if directed upon other 
compounds, combinations still more stubborn, and so be 
employed te resolve various kinds of substances inte their con» 
stituent elements (137.) Such were the considerations that 
led te the immortal discovery of the resolution of the alkalies 
and earths inte oxygen united te a metellic base, and showed 
them to be in fact nothing more or less than metallic oxides. 
iNow, it was acutely imagined by this distinguished British 
chemist, that since in all cases of voltaic decomposition, 
alkaline and inflammable matter is invariably found upon 
the negative side of the apparatus, it was, therefore, highly 
probable that alkaline bodies contained an inflammable 
cfoment, — ^a conjecture which soon after, in 1807, he fully 
confirmed. ' 

153. Having exposed a thin piece of pota&«&tQ\}ckfe\s!ii^vS(^:^* 
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ing influence of damp air, he placed it between two thin platen 
of platinum, forming the electrodes of a powerful voltaic 
apparatus (38), (39). It became soon resolved into oxygen,, 
and a highly inflammable and peculiar metaUoid substance ;. 
the oxygen appearing as before at the fCnode, and the metal- 
loid inflammable at the cathode (39). Soda yielded to the 
same wonderful agency, and became likewise resolved into a 
metallic base and oxygen. Thus was effected one of the 
most momentous and brilliant discoveries to be found in the. 
annals of chemical philosophy, potassa and soda having been; 
hitherto considered as elementary substances (187). 

154. The metal obtained from potassa has been termed 
" potassium," and that from soda " sodium.'* In colour, 
these curious substances resemble silver or mercury. At 
common temperatures they are soft and plastic. Their dis- 
position, however, to oxidate is so great, that they instantly 
tarnish on exposure to the air, and will detach oxygen from 
any substance containing it. They can only be preserved 
by immersion in naphtha,* or some other substance not con- 
taining oxygen. Potassium and sodium, notwithst^ding 
their metallic character, are so light, that they float on water. 
When potassium is thrown on water, it immediately appears 
to- inflame, decomposes the water, catches up its oxygen, and 
sets the hydrogen free. The combustion, on contact with 
the surface of the water, is a beautiful phenomenon. The 
flame is a mixed flame of white, red, and violet. The result 
of the combustion is to render the water alkaline. When 
moderately heated in oxygen gas, potassium also inflames, 
and potassa is reproduced. 

Sodium also decomposes water violently, but ioe& not 
appear to bum. When thrown on nitric acid, however, it 
bums: with great brilliancy. Both substances linite with 
meircury in various proportions, and form amalgams, which 

' * A lighi and' almost colourless oil, distilled from a yiscons- substance, 
termed j>etroleum. It is also a natiye co^lbust;ble liquid, fpunS in springs, 
on iliesbaregoftb^CkBpaaxBeA, ... 
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decompose water and act upon all the metals— even upon 
platinum. 

155. The decomposition of potassa and soda may be com-^ 
pletely effected with about 150 pairs of 4-inch plates, with 
double copper excited by one part nitric acid to thirty of 
water (72). With the two fluid batteries of Daniell (75), 
and other more modem arrangements, the result is easily 
attainable. A plate of platinum is to be connected with the 
negative side of the battery, and a thin piece of pure potassa 
or soda placed on it. We then bring another and similar 
plate of platinum, connected with the positive side of the 
apparatus, in contact with the upper surface of the potassa 
or soda. The alkali wiQ soon appear to fuse at the points of 
contact, and metallic globules collect at the negative surface. 
Amalgams of potassium and sodium with mercury are 
readily obtained by placing a globule of mercury in a cavity 
cut in the surface of the alkali submitted to experiment. The 
alkali is now to be connected with the zinc extremity of the 
battery, and the mercury with the copper extremity. Very 
soon the^mercury is converted into a soft solid, and, if thrown 
into water, will rapidly decompose it. 

156. It may be here again observed, that previously to 
these discoveries, potassa and soda were considered as ele^ 
mentary bodies ; but the volatile alkali, ammonia, had been 
resolved into hydrogen and iiitrogen, in the proportion of 
three volumes of hydrogen to one of nitrogen. .Now of 
these three alkaline substances, potassa and soda are con* 
sidered as fixed alkalies, in contradistinction to anunonia, 
which is a highly volatile substance. Fotajssa and soda are 
obtained in burning to ashes various plants growing on the 
sea-shore, whilst the volatile alkali, ammonia, is obtained 
from a saline substance, separated by sublimstion from soot; 
and called *' Sal- Ammoniac." Pure ammonia is obtained 
from this substance under a gaseous form: it is rapidly 
absorbed by water, constituting what is termed liquid ami 
monia. This third species of alkali then may b^ ^^Tiiss^^sst^^n^ 
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a very wonderful substance, and from a great variety of cir- 
cumstances possesses tbe highest interest. It is not a little 
remarkable, that of these three alkaline substances, whose 
properties as alkalies are so very analogous, two of them 
should turn out to be metallic oxides, and the remaining one 
a compound of two gases, totally distinct in character from 
the constituents of the other two. It has, therefore, been 
conjectured, upon fair inductive reasoning, that one of the 
gases constituting ammonia — probably nitrogen — ^although 
classed as an elementary substance, is really a compound 
substance having a metallic base, and that hence ammonia 
may at last turn out to be also a metallic oxide. Now, 
although the powers of the voltaic apparatus have not 
hitherto been so applied as to effect such a decomposition 
directly, still some approximation has been made towards it. 
If a moist cavity be formed in a piece of muriate of ammo- 
nia, commonly called sal-ammoniac, and a globule of mercury 
placed in it, then, on connecting the mercury with the 
negative side of the voltaic apparatus through a wire having a 
platinum termination in the mercury, and the sal-apumoniac 

•with the positive side, a soft amalgam begins to arise, as in 
the case of potassa and soda (155). The globule of mercury 
emits a white smoke, its volume enlarges, and it throws out 
ramifications of apparently new matter. The amalgam thus 
obtained has a semi-solid consistence, and may be cut with a 
knife. The enlargement of the volume frequently amounts 
to ten times the volume of the mercury. This amalgam 
changes almost instantly by contact yrith. the air, thereby 
showing that the base, hypothetically termed " ammonium," 
has the same disposition to combine with oxygen as evinced 
by potassium or sodium. When a portion of the amalgam 
is thrown into water, the water is rapidly decomposed. We 
have hence every reason to conclude that the volatile alkali 
ammonia is similar in its constitution to that of the two fixed 
alkalies, although its metallic base has not yet been obtained 

la a pure state. 
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157. Fontin, Berzelius, and Davy obtained in a Bimilar way 
amalgams of barjtes, magnesia, lime, and other earths ; and 
it is hence to be inferred, that all these substances consist 
of oxygen united to a metallic base. These hypothetical 
metallic bases hare been named after the respective sub- 
stances which are supposed to contain them; thus, the 
metallic base of lime has been termed ** calcium," of barjrtes 
" barium," of silex " silicum," and so on. Aluminum, the 
metallic base of alum, has been lately obtained in compara- 
tively large quantity by a Prench chemist, M. Deville; 
who states it to be of a white colour, resembling silver, 
it does not tarnish, is malleable and ductile, and heavier than 
gold. 

158. These beautiful researches must ever remain an 
imperishable monument of the immense importance of the 
voltaic apparatus as an instrument of chemical research ; its 
operation in separating the constituents of substances, is 
unmistakeable in every variety of experiment. 

Thus, if sulphuric acid, commonly called oil of vitriol, be 
placed in the circuit (89), fig. 18 ; oxygen gas is given off at 
the anode, and sulphur deposited at the cathode ; phos- 
phoric acid is converted into oxygen gas and phosphorous. 
Oils, alcohol, and aether, deposit charcoal, and give off 
hydrogen, and so on ; no doubt therefore can remain as to 
the actual chemical constitution of such substances. 

159. The following are some further instructive illustra- 
tions of the action of the pile in disuniting and determining 
the constituent elements of compounds to its opposite 
electrodes or poles. 

Exp. 20. Let a solution of any neutral salt, suppose the 
sulphate of soda (called Glauber's salt), to be placed in sepa- 
rate glass cups, and the solution in each cup to be further 
united by some fibres of moistened cotton, as indicated 
(151) fig. 64 ; connect the fluid on each side with the poles 
of the apparatus as before: after a few hours the solu- 
tion will decompose. The soda and add^tW ci^T^s^6dB<^<sQiMib i 
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of the salt, will have become separated and tmnsferred 
in opposite directions: the acid will be found in the cup 
connected with the uniting wire p, that is, at the positive 
electrode, and the acid in the cup connected with the 
imiting wire k, that is, at the negative electrode. 

Exp. 21. Let one of the cups (151) fig. 64, contain a 
solution of a neutral salt, and place distilled water in the 
other ; connect the glasses with moistened fibres as before, 
and the cup containing the dissolved salt with the positive 
wire P: complete the circuit b^ connecting the cup 
containing the distilled water with the negative wire K; 
in a short time the alkaline constituent of the salt will have 
become transferred to the distilled water at the negative 
electrode k, the acid constituent remaining at the positive 
electrode P. 

Beverse the connections with the apparatus by placing 
the distilled water in connection with the positive electrode 
p, and the dissolved salt in connection with the n^;ative 
electrode v, thei;i the acid wiU be found to travel and 
become transferred to the positive electrode p, leaving the 
alkali behind at n. In either case the salt is decomposed. 
Exp. 22. Place three glass cups, ach, fig. 65, near each 
other, and connect them by fibres 
of moistened cotton, as a c and c 5. 
Let a solution of some neutral salt, 
sulphate of potassa for example, be 
poured into the centre cup c, and a 
delicate infusion of blue cabbage 
leaves in the cups a, h; complete the drcuit as before 
through the wires p ir. Li a short time the salt wiU decom- 
pose, its sulphuric acid constituent will have passed into 
the positive cup P, turning the blue infusion in it red; 
whilst the alkaline or potassa constituent will have become 
transferred to the negative cup ir, turning the blue infusion 
green. 
ISO. It ia to he observed^ that in all these experiments 
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the constituents of the salts appear to Lave travelled through 
the moistened fibres connecting the vessels ; and their par- 
tides seem, as in Exp. 20, to have passed in opposite 
directions either through or close to each other, without 
any combining afi&nity. So powerful is the apparatus in 
promoting this species of transfer and decomposition, that, 
in many instances, elements become transferred through 
bodies with which, under ordinary circumstances, they have 
the greatest disposition to combine, without undergoing the 
least change. Thus, by an arrangement similar to fig. 65, 
sulphuric acid in cup h may be transferred through a solu- 
tion of ammonia in cup c to collect in cup a, without at all 
affecting the ammonia, or undergoing any change. In the 
«ame way, acids may be transmitted through delicate vege- 
table inAisions without affecting them ; alkalies, also : hence, 
supposing the theory of the transference to be admitted, 
there is evidently a total annihilation of the force called 
•elective attraction, or chemical affinity (139) between the 
^ven substances whilst under the influence of the voltaic 
Apparatus. Whether any more available theory of a series 
of decompositions and recompositions, similar to that of 
Grotthus (149), may be applied in explanation of these most 
:astoni8hing phenomena, we have yet to learn. 

161. In reviewing the history and effects of the voltaic 
Apparatus, three speculative questions of great moment 
present themselves : first, the theory of the action of the 
pile; second, electro-chemical decomposition; third, the 
-question of the identity of electrical and chemical force. 

We have already considered the theory of the action of 
the pile (44) to some extent, and it hence only remains to 
treat more fully the questions of electro-chemical decompo- 
sition, and the identity of electrical and chemical force. 

162. Davy having shown in his preliminary experiments^ 
from 1800 to 1603 (37), that inflammable bodies, alkalies 
And metals, were always found on the negative side of 
the apparatus, and oxygen and acida oiv ^'^ ^<i'»!&?5^ ^^S^i^ 
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concluded, that this result depended on a peculiar electrical 
condition inherent in different substances, by which thej 
are rendered either what he terms electro-^^^^tr^ or electro- 
fuegative. Thus acids are electrically negative in respect of 
alkalies. Zinc, as already observed (16), is electrically 
positive in respect of copper, and so of various other sub- 
stances. He found, for example, by experiments similar to 
those originally instituted by Yolta (14), that an acid and 
a metal after contact were in opposite electrical states, — 
the acid became negative, and the metal positive, con- 
versely ; taking an alkali and a metal, after contact, these 
states became reversed: the alkali here became positive, 
and the metal negative; hence he inferred that positive 
electricity has a tendency to pass from acids to metals, and 
from metals to alkalies ; whilst negative electricity tends to 
flow from alkalies towards metals, and from metals towards 
acids. Davy, therefore, regarded various substances as 
naturally endowed with specific electrical energies or capa* 
cities, a notion entertained by other philosophers (10) 
engaged in this branch of science. A variety of experiments 
led him further to conclude, that in all cases in which 
substances combine chemically they have contrary electrical 
energies ; and that hence, according to the laws of common 
electricity, such substances are attractive of each other ; * the 
compositions and decompositions therefore produced by the 
voltaic apparatus depend really on the common laws of 
ordinary electrical attractions and repulsions, as above 
illustrated (149), fig. 62 in the theory of Oxotthus ; and that 
hence what had been hitherto called chemical attraction, 
affinity, or elective attraction (139), was really no other 
than common electrical force exerted between the particles 
of bodies instead of masses, as usually observed. 

163. Although this theory was not at the time favoured 
with the entire confidence of scientific chemists, from a defi- 
ciency of all the experimental evidence which a perfect 

* Bndimentary Electiiclty, (l^V 1^* ^^* 
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theorj demands, it was, neyerthelesB, a theory which led to 
the grand residt of the decomposition of the alkalies (153), 
and which finally obtained for Davy the annual prize 
established by Napoleon I. for the best experiments in 
voltaic electricity. According to this theory of electro- 
chemical decomposition, the attractive and repellent ener- 
gies are communicated from particle to particle through 
substances placed in the voltaic circuit. (39), ^g, 18 ; the 
consequence is an ejection of the constituent elements 
of the substance at each pole of the battery, the poles 
of the series having a greater force of electrical attraction 
for these constituent elements than they have for each 
other : that, in fact, electro-positive bodies (162) are 
attracted by the negative extremity of the voltaic pile, and 
repelled by the positive; and, conversely, electro-negative 
substances are attracted by the positive extremity of the 
pile and repelled by the . negative extremity, — a view of 
electro-chemical action virtually included in the theory of 
Ghrotthus (150), fig. 63. According to this theory, also, the 
heat and light resulting from intense chemical action is 
nothing more than the restoration of the electrical equilir 
brium, and is analogous to the production of the electrical 
spark between bodies charged with opposite electricities ; a 
view afterwards recognised by the celebrated Berzelius, who 
adopted the identity of electrical and chemical forces as the 
basis of his chemistry. 

164. We owe to the recent and masterly investigation 
of Earaday, as abeady observed (38), a more complete 
elucidation of the phenomena of the pile, and the nature 
of electro-chemical decomposition, than is to be found in 
the theory propounded by Davy. Having first identified 
the several various forms of electrical action, and proved 
them to be all emanations from one and the same general 
principle, he proves that electro-chemical decomposition is 
the result of ciurent force operative within the electrolytical 
substance itself, and by which its constituent el^\s^^\!&^ 
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ejected, as it were, at the electrodes or poles of the voltaie 
series ; that the hypothesis of attraction and repulsion in 
the poles or extremities of the apparatus is untenahle, ih& 
force affecting the decomposition of anj substance beings 
within the body itself. When the voltaic circuit is com-^ 
plete through an electrolyte (41) (42), an electrical current 
is immediately established between the electrodes of the 
battery. This current is to be considered in the light of 
progressive force (23), and constitutes an axis of power^ 
having equal forces in every point in opposite directions. 
The elements of the given substance move in obedience ta 
the respective determining directions of this current power, 
the anions in one direction and the oathions in another (41). 
It was upon this ground, as before stated (38) , he was led 
to reject the term pole as accepted by Davy and other 
philosophers, and to substitute the term electrode in the 
general nomenclature already given (42) Table III. Now, 
the electro-chemical power of this current force is shown by 
Faraday to be exactly equal to the quantity of passing 
electricity evolved in the chemical action of the pile (51), 
which general proposition he more fully elucidates by 
means of the Voltameter (93). He ftirther shows that 
the electro-chemical action is definite or of detei^minate 
amount ; aad so definite as to enable us to obtain numbers 
for every constituent element of a compound which may be 
taken as " electro-chemical equivalents." But what is to be 
more especially observed in this case is, that these electro- 
chemical equivalents, as thus deduced, are really the atomic 
weights of Dalton (140), the two are identical as chemical 
measures. 

These electro-chemical equivalent numbers, then, repre- 
sent the proportions in which " anions " or " cathions" are 
evolved during electrolytic action (41), and, consequently, 
their combining proportions, and they are always consistent 
with each other. Thus the number 8 wiU represent and be 
found to be true as the electro-chemical equivalent for 
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oxygen, whether separated from hydrogen in the case of the 
decomposition of water, or from tin or lead.* 

165. Combining the theory of electro-chemical decompo- 
sition with the chemical theory of the pile, Earaday infers, 
as already observed (45), the production of the electrical 
current by the oxidation of the zinc, which current, in 
passing through an electrolyte (39), fig. 18, liberates its 
constituent elements, and ejects them at the opposite 
electrodes, so that the forces at the points of decomposi- 
tion or recomposition are of the same kind, being opposed 
to each other through the rheophoric circuit, that is, 
through the wires and other matter conducting the cur- 
rent between the extremities of the apparatus ; so far may 
this circuit be considered as really conducting chemical 
affinity. The chemical power of the voltaic pile, there- 
fore, may be expressed by the term chemical aflBmifcy. The 
great conclusion of this eminent chemist and philosopher 
is ; that the elements of compound substances are imited or 
held together by a definite power, which may cease to 
exercise this function, and assume the form of an electrical 
current; and thus he goes far in establishing the identity 
of electrical and chemical action, which up to a late period 
remained an unsolved problem. 

* Faraday^s Exp. Bes., p. 835. 
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CHAPTEE VI. 

HEATING EFFBCTS OF THB PILE. 

Notices of some of the more powerful and brilliant results of the calorific 
agency of the pile — Heating power dependent on the size of the plates 
— Ezperimentzd illustrations — Laws of the calorific action of the 
hafcterj, and its effects on metallic wires — ^Heating effect dependent 
on the quantity of electricity transmitted in a given time— Relation 
of conducting power to the temperature and mass of the metil — 
Conducting power of different metals for the voltaic discharge ; also 
for the ordinary electrical discharge — ^Results of experiments by Pro- 
fessor Riess, examined. 

166. The agency of the voltaic pile, as a source of intense 
heat, is not a little remarkable and astonishing. The. most 
refractory metals, when exposed to its operation, are ignited 
and fused ; if beaten out into thin leaves, they bum with 
great brilliancy ; when drawn into fine wires and placed in 
the circuit, they glow with a vivid white heat, or run into 
balls by fusion. They are not, however, dispersed, as in the 
case of fusion in a similar way, by the ordinary electrical 
discharge. The first powerful effects of this kind were pro- 
duced by the large battery constructed by Mr. Children 
in 1809, consisting of twenty double plates, 4 feet by 
2, exposed in a cellular trough to the action of diluted 
acids (71). When a platina wire, of ^^jth of an inch 
in diameter, and 18 inches in length, was exposed to the 
action of this battery between bars of copper connecting its 
poles, it first became red-hot, then white-hot, until at length 
the light was insupportable to the eye. In a few seconds 
after this, the metal, unable longer to resist complete fusion, 
fell into small globules. Many metals, on exposure to the 
same ordeal, not only fused instantly, but vanished in vapour. 
With the battery of the Eoyal Institution (70) Davy 
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obtained similar results: when two pointed pieces of well 
burned charcoal, in connection with the poles of the batterj, 
were brought nearly into contact, more than half the volume 
of the charcoal became ignited to whiteness, whilst on with- 
drawing them graduallj from each other, a broad ascending 
brilliant arc of light followed of dazzling splendour ; the 
form of this arc was that of two cones united at their bases ; 
any substance introduced into it became instantly ignited. 
Platina, so difficult of fusion by ordinary heat, exposed 
to this voltaic flame melted as readily in it as wax in the 
flame of a common candle. Quartz, sapphire, magnesia, 
and lime all underwent fusion — ^fragments of diamond, 
charcoal and plumbago disappeared.* At a more recent 
period, Professor Daniell, with seventy cells of the con- 
stant battery (76), succeeded in fusing rhodium, iridium, 
and titanum, and other refractory metals. On repeating 
Davy's experiments with the pointed charcoal conductors, 
an arc of voltaic flame arose of such volume and intensity 
as to endanger the eyes of the spectators, although 
guarded by thick grey glasses. The Professor's face was 
scorched as if exposed to the burning eflect of a hot 
meridian sun, "When collected into the focus of a mirror, 
the rays emitted a heating power so great as to bum a hole 
through paper at a distance of some feet. 

167. The power of the voltaic apparatus, as a source of 
heat, is much increased by massing together the plates of 
the series, so as to obtain as great an extent of metallic 
surface as possible under a few plates of large size. We 
owe this fact to the fine experiments of the celebrated 
French chemists Messrs. Th^nard, Fourcroy, and Vauquelin. 
They found in the course of their investigations on the 
combustion of metals by the voltaic pile, that a battery of 
small plates, which did not evince any great heating power, 
readily burned metallic leaves when converted into a battery 
of a few plates having the same extent of metallic surface: 

* Davy's Elements of Cheiidc&l W\VQ«Ri\^. ^B 
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neither the force of the shock nor the electro-diemical energy^ 
however, were at all increased by augmenting the size of the 
battery plates ; these effects appeared to depend for the 
most part on the number of repetitions or alternations of 
the series. 

168. The great battery constructed by Mr. Children (71), 
although it evinced such astounding calorific power, bad 
little or no effect on the living animal body, or in decompos* 
ing water, nor did it sensibly affect a gold leaf electnHneter. 
Mr. Singer has supposed this remarkable circumstance to 
depend on an electrical action analogous to that observable 
in a Leyden battery, made up of jars of unequal dimensions. 
If such a battery be charged up to a given intensity, as 
indicated by the electrometer (114), then under this intensity 
each jar will contain very unequal quantities of electricity ;. 
the larger jars would have accumulated a much greater 
quantity than the small jars, and if selected and discharged 
together, would ignite a much greater length of fine wire 
than the smaller jars treated in a similar way ; yet the shock 
from either of them would be pretty nearly the same. It 
is then the large quantity of electricity accumulated by the 
large plates which is really the source of the heating power, 
whilst the intensity of a smaller quantity of electricity 
accumulated by the smaller plates, is the source of the 
shock; this view of the source of the heating power of 
the pile, although in some degree imperfect, is still worthy 
of consideration : for however great we may suppose the 
comparative quantity of electricity discharged from voltaic 
batteries of an equal number of plates of unequal dimen* 
sions, it is clear that when operating upon a substance of 
comparatively low conducting power, and which am only^ 
transmit a certain quantityy the battery of small plates 
would be as efficient for its decomposition as one of an 
equal number of large plates. "When operating however 
upon metallic bodies of high conducting power, which can 
transmit the accumulation, then the large quantity of 
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electricity is manifest by the heating e&ctSy as will be 
presently seen (173). 

169. The following may be taken as beautiful illustraticms 
of the calorific powers of the voltaic apparatus. 

Exp. 23. — Suspend a sheet of gold or silver-leaf, m (fig. 66), 
or a thin leaf of any other metal, to 

Via 66 

a stout wire, p, connected with the ^' ' 

positive extremity of the battery, 
and immediately under it place a 
bright metallic plate, q, connected 
with the negative conductor v. 
Bring the leaf m gradually in con- 
tact with the plate ^, either by 
raising the plate towards it through 
the insulating support r, or by d^ 
pressing the wire p by an insulating rod ; directly the leaf 
touches the plate, it begins to bum and scintillate with great 
brilliancy. Gold leaf bums with a vivid white light, tinged 
with blue ; silv» with a beautiful light of emerald greai. 
Copper bums with a white light tinted blue, and emits red 
sparks. Lead emits a purple light, and zinc emits an efiul* 
gently white light of a blue cast. 

Exp. 24. — Connect a piece of fine watch-spring pendulum 
wire with the positive wire p, ^. 66, and bring the free end 
of it in contact with a shallow plate of mercury, q, con^ 
necked with the negative wire ir. We may then observe* 
a brilliantly rivid combustion both of the mercury and the 
wire 

Exp. 25. — Strain a fine iron wire of about 10 inches in 
length between two brass balls, supp<»rted on insulators of 
glass,, in the way represented, mn, fig. 68 (177). Complete 
the circuit by connecting the balls with the opposite extre* 
mities, p bt, of the battery. The wire — ^if the battery be 
powerfdl — will soon become red, then white, hot, and will 
eventually fuse into small balls^ A fine wire of platinum, 
treated in this wafy> miry be retained at a white lft&a&l<^^ % 
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considerable time. If about 10 inches of platinum wire, (d 
l-50tli of an inch in diameter, be thus strained between 
two metallic rods connecting the opposite electrodes of 
twenty cells of a Daniell's Battery (75), it will soon become 
white hot, and will continue to glow so long as the battery 
continues to act. 

Exp. 26. — Pass a wire of platinum, of about l-40th of 
an inch in diameter, through a small quantity of water or 
ether, contained in a glass cup, and connect it with the 
opposite poles of the apparatus as before ; in a short tiniQ 
the water may be caused to boil, and the ether driven into 
vapour. 

170. The heating and ignition of metals by the voltaic 
apparatus may, as already observed (83), be effectually 
employed as a means of estimating the power of a given 
battery, and the force of the electrical current. "We must, 
however, in the application of this principle, take into con- 
sideration certain circumstances liable to affect the results 
of our inquiries, and lead to inaccurate conclusions. Farap 
day, in his researches into the heating offsets of the 
current, observes, " A fine wire may be used as a rough 
but ready regidator of a voltaic current; for, if it be 
made part of the circuit, and the larger wires commu- 
nicating with it be shifted nearer to or further apart, 
so as to keep it sensibly at the same temperature, the cur- 
rent passing through it will be nearly uniform." We may 
so far infer that the indicated heat in the wire is a measure 
of the quantity of current electricity passing through it. 
The diameter of the wire heated will depend on the dimen- 
sions of the plates of the battery (167). The length of it 
will be proportionate to the number of the series. Prom 
some valuable experiments by Walker, it is shown, that 
if the mean heating power of one battery be such as to 
heat z inches of a given metallic wire, then the heating 
power of any number of equal batteries united would heat 
n times z inches. Thus, if one battery could heat 5 inches 
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of platinum wire of a given diameter to a certain point 
of incandescence, then ten such batteries united could heat 
ten times 5 inches, or 50 inches, to the same degree of 
incandescence. 

171. We have abready described (84), (91), (92), several 
instruments hj which certain comparative elevations of tem- 
perature in metallic wires, subjected to the voltaic current, 
may be measured. Of these, the thermo-electrometer (86), 
will be found perhaps the most available, especially for small 
degrees of heat. The author, in a paper which was honored 
by a place in the Transactions of the Eoyal Society of Edin- 
burgh for the year 1831, further investigated, by means of 
this instrument, the heating effects of voltaic electricity on 
metal wires, and other important laws of voltaic action, to 
which Sir H. Davy, in his valuable researches relative to 
temperature and conducting power, had already, in the year 
1821, called attention.* The following are amongst the 
results of these inquiries : 

172. Two plates, a b, ^g. 67, one of zinc, the other of cop- 
per, 7 inches high by .6 

inches wide, and about ^^^' ^*^' 

1-lOth of an inch in thick- 
ness, were placed in a glass 
cell, T IT, and connected by 
stout copper wires with the 
thermo-electrometer e, hav- 
ing a copper wire through 
the ballof 1-lOOth of an inch 
in diameter, as shown in the 
figure. The plates were 
equally divided by horizon- 
tal lines, and could be placed 
at measured distances from 
each other, so that when a 
dilute acid was poured into the cell, the heating effect of the 

• Phil. Trans, for 1821. Y«rt li* ^. VI^. 
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Yoltaic force as depending on the quantity of metal immersed^ 
or the distance of the plates, could be accuratelj observed. 
The dilute acid consisted of nitric and sulphuric acid, in equal 
parts, with forty-eight of water. The result of this expe- 
riment was, that the thermo-electrometer, x, gave indi- 
cations of Toltaic force, as the quantity of metal immersed 
directly, and as the distance between the plates inrersely. 
When a second plate of copper was opposed to the other 
surface of the zinc plate, and the two copper plates united 
by a metalKc band, as in WoUaston's arrangement (72), the 
effect on the thermo-electrometer, e, was yery considerably 
increased ; it was generally doubled. When additional copper 
plates, external to those, were added, a still further increase 
of power was obtained* Indeed, it appeared as if the new 
force brought into operation by the successively added copper 
plates was only limited by the respective distances tronx the 
zinc plate at which they were necessarily placed. 

173. The simple law just stated (172), was apparent wi^ 
the given wire in the ball under any amount of voltaic excita- 
tion of the two plates. When, however, an ^ctremely fine 
wire, either of the same metal, or of a metal of an inferior 
conducting power, was employed in the baU of the instant- 
ment, then the law was no longer in every case apparent : 
the indicated force with a wire of about ^^^th of an 
inch in diameter, no longer corresponded exae^y with 
the increased power. This, on further examinatieoB, was 
found, as had been previously announced by Davy,* to 
depend on some peculiar condition of the wire, by which it 
was rendered incapable of transmitting a high current force. 
It was further observable, that when the voltaic power was 
small, then the fine wire was most heated, but when more 
considerable, then the larger wire became the most heated, 
evidently depending on the circumstance of the smaller 
wire not being capable of transmitting all the excited eleo- 
tricity. In confirmation of this, it was found that with 

* fiudimentary EUetneiiy (137), p. 163. 
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extremely fine wires of low Gouductdng power, the indicated 
force of three cylindrical batteries conjoined, each exposing a 
square foot of zinc, with double copper (73), was no greater 
than with a single battery ; whilst with larger wires in th& 
ball, of high conducting power, the results were constantly 
proportionate to the increased power. 

174r. As the diminishing proportionate efi^Bct with an 
increased power when a yery fine wire is employed in the 
thermo-electrcMneter x, &g. 67, evidently depends on ita 
inadequacy to transmit a certain quantity of electricity in a 
given time; it seems reasonable to infer, that imp^ect 
conducting fluids, or extensive lengths of very fine wire, 
may approach an insulating effect for this species of elec* 
tricity, and such is really the case : little or no heating 
efiect was apparent when a long spiral of &ae wire covered 
with silk was introduced into the circuit, and none whatev^ 
when a portion of the circuit consisted of water contained 
in a tube of glass. 

This result is in complete accordance with the results of 
Davy's previous researches in 1821, who observes, that " In 
a battery where the quantity of electricity is great and the 
intensily low, charcoal made to touch only in a few points 
is almost as much an insulating body as water, and cannot 
be ignited, nor can wires of platinum of less than ^th of 
an inch in diameter, and three feet in length. A f^ot of 
platinum wire is scarcely heated by such a battery, whilst 
an equal wire of silver becomes red hot, and the same 
length of thicker platinum wire becomes intensely heated." 

175. Much care is requisite in speculating on these 
interesting ph^M>mena, which appear to be intimately asso^ 
ciated with the occult causes of heat and electricity. We 
may howev^ fidrly conclude, from these experiments, that 
the heat excited in any substance by the voltaic battery 
will materially, if not altogether, depend on the quantity of 
electricity which passes through it in a given time, that is 
to say, upon the velocity of the current* Tixxva ^ ^^Rst^aksi^ 
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an element to be taken into calculation in our investigation 
of these curious effects. The author endeavoured to find, 
by a variety of experiments, whether, by increasing the 
dimensions of the wires in the ball of the instrument, any 
ratio greater than that of the simple ratio of the increased 
power could be obtained, but without any new result. Now 
it is worthy of remark, that in the parallel case of electrical 
discharge from the Leyden battery, the heating effect, as 
indicated by the thermo-electrometer, is as the second power 
or square of the quantity of passing electricity.* The 
difference in these two kinds of electrical discharge may be 
conceived to arise out of the peculiar character of what we 
may term electricity of high tension. In the case of the 
orcUnary electrical discharge, the impulsive action is such as 
to break through all resistance, and cause a finite accumula- 
tion to pass through the wire in times inversely proportional 
to the quantity of electricity accumulated. Thus, a double 
quantity of electricity accumulated on coated glass, and 
discharged through a metallic wire of given dimensions, 
may be conceived to pass through the circuit in one-half 
the time of a unit of quautity accumulated and discharged 
under similar circumstances. Three times the quantity 
accumulated may be conceived to pass in one-third the time, 
and so on. If, therefore, the heating effect varies with the 
quantity directly, and with the time inversely, we should 
have necessarily a resulting compound effect; and hence, 
the heating power would in this case appear to be as the 
square of the accumulation, that is, as the square of the 
increased power; and this, as we have shown in our 
" Budimentary Electricity," is altogether independent of the 
electrometer indications termed intensity (114) (115). Now, 
in the voltaic discharge we may conceive the time to remain 
constant for all degrees of power ; that is to say, we may 
imagine a small current force ag to quantity to traverse a 
given circuit in the same time as a strong current force, the 

* Phil. Trans, for 1821. Paxt ii. p. 425. 
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resistance to a small force being less in proportion^ The 
heating effect in this case will vary with the quantity, that 
is to say, it will be only in the simple ratio of the increased 
power. It was further observed, in employing great lengths 
of circuit, that with the same voltaic battery the indicated 
effect on the instrument was inversely proportional to the 
length of the circuit. The same law obtains with ordinary 
- electrical discharges upon extensive circuits varying from 
300 to 900 feet.* 

176. These experiments, together with the previous experi- 
ments by Sir H. Davy, evidently go far in determining the 
limit of the quantity of voltaic electricity which metallic wires 
can transmit under certain circumstances, and which being 
so far determined, enables us to arrive experimentally at the 
different degrees of conducting power, either of the same or 
different metfvls, and to investigate other relations of this 
power to magnetism and heat. As already remarked (89), 
the indications of the thermo-electrometer may be always 
taken as a measure of the variations of conducting energy, 
or of the force of a voltaic combination, so long as we employ 
a thermometer wire in the ball of the instrument of such 
dimensions as will give indications proportionate to the 
increased power. Thus, if the degrees of elevation of the 
fluid correspond with the increased quantities of metal in 
operation, or nearly so, supposing the voltaic combination 
to be a single pair of plates (136), fig. 67, we may &irly 
presume that the instrument will indicate a variation of 
force upon the whole any how produced. 

With a view of investigating the effect of heat on the 
conducting power of metals, as also the relation of conduct- 
ing power to the mass of metal employed, and the relative 
conducting power of the various metals for voltaic electricity, 
the following experiments were resorted to : 

177. Itelation of conducting power to temperature, A 
small copper wire, m ft, fig. 68, about six inches in length, 

♦ TmaB. E. Society fox lft^4, ^. ^^%, ^ 
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and about the l-80fch of an inch in diameter, being placed 
on insulating glass rods, afn^hn, was introduced into the 

circuit, p «», »t,o'S, of which 
circuit the thermo-electro- 
meter e formed a part : the 
metallic connections with the 
battery, mT^ n t, and o ir 
being stout copper wires, and 
the contacts made yerj com- 
plete. The voltaic battery 
consisted of about two square 
feet of zinc, with double cop- 
per as a cylindrical battray (73). On transmitting the current 
through m n; the index fluid of the thermo-electrometer £ 
attained a given altitude. The flame of a spirit lamp was 
now applied to the wire m n, soaa to heat it. The effect 
was so to retard the discharge as to cause the fluid to descend 
along the scale s, thus evincing a diminished effect on the 
wire in the ball; when, on the contrary, the wire m n 
was cooled down by ice, or the evaporation of water or ether 
irom its sur£Eu;e, then the contrary results ensued. The 
thermo-electromet^ showed an increasing power, and the 
fluid rose to a much greater height, thus confirming the 
general result arrived at by Sir H. Davy, that ^the con- 
ducHnff power of metals paries with the temperature^ and is 
lower in some inverse ratio as the temperature is higher^ * 

178. It does not much matter in this case how the heat in 
the metal is excited. The same result ensued in heating the 
wire mn'bj the voltaic discharge of a second battery. This 
was very pleasingly shown by means of a second thermo^ 
electrometer, the wire of which was substituted for the wire 
m fly exposed to the current force of both batteries, which 
by one particular arrangement of the connecting wirea 
could be easily managed. In this case, the two instruments 
appeared to vibrate as a sort of delicately poised balance, the 

♦ PliiL Trans, of ihftR. S. lot 1821, p. 431. 
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BligbteBt change in the one being accompanied by an opposite 
and corresponding change in the other. 

179. Melaiion of conducting power to the guantity of 
metal. In this investigation, the given metal, the subject 
of experiment, was drawn into a wire of a given diame-^ 
ter, and being passed through a cell of water, was placed 
in the position of the wire m it, as in the last fig. 68, so 
that its temperature might not change whilst transmit-^ 
ting the current. When wires of three different metab,, 
copper, platinum, and lead, whose diameters varied from the 
'01 to^ the '025th of an inch, were placed in the circuity 
the indications of the thermo-electrometer x were as in tho 
following table :— 

TABLE IV. 



No. of wire and ratio of 
dkoneter. 


Metals and indicated theimo- 
ineterdflgree*. 


Wires. 


Diameter. 


Copper. 


Platinum. 


Lead. 


1 
2 
3 

4 


1 

0-75 
0-5 1 
0-25 


40« 
16' 


43' 

36' 

21' 

4' 


36° 

27' 
18° 

2° 



180. It maj be seen bj a reference to this table, that the 
smallest copper wire No. 4, as compared with the largest 
copper wire No. 1, indicated a degree of conducting power 
for voltaic electricify in the simple ratio of its diameter, 
that is, as 1 : 4. The same is observable in copper wirea 
No. 2 and 3 : here the indications of the instrument were 
as 2 : 3. The conducting powers however of copper wire* 
No. 1 and 2 appear, from the quantity of electricity trans* 
mitted, to be nearly alike \ so that the differences of the 
amount of metal is not in this case apparent. 

181. On comparing the relative thermometer degrees of tho 
less perfect conductors, viz., platinum and lead, we see that 
for the wires 1, 2, and 3, the conducting power i& ^^s^^k^ M 
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as tbeir diameters, or yery nearly so. IVith tbe. smaller 
wires however of these metals, platinum and lead. No. ^ 
the transmitting power became so small for the quantity of 
electricity in action, as not to admit of any accurate deduc- 
tion from them. The lead wires No. Land 4 are neaiiy 
in the inverse ratio of the square of their diameter. 

182. The general conclusions arrived at by an extensive 
series of experiments of this kind were, 1st. That for. certain 
given small forces, each metal is an equally efficient con- 
ductor; 2nd. That the differences in conducting power 
of the various metals for voltaic electricity become more 
and more apparent up to a certain limit, as the force of the 
battery increases ; but the exact proportions in which these 
differences increase with the increased power were not fully 
determined. 

183. Relative conducting power of various metals for 
voltaic electricity. In this branch of voltaic investigation, 
we have to take into account the laws of action appa- 
rent in the previous experiments, and which are possibly 
the source of the differences in the order of the metals as 
conductors of voltaic electricity arrived at by various phi- 
losophers, whose valuable researches have so greatly enriched 
this branch of science.* The order of succession of a 
number of different metals as conductors of voltaic elec- 
tricity, treated as before (179) — ^that is to say, when substi- 
tuted for each other successively in the circuit m.n, fig. 68, 
and by other arrangements,t (177)— appeared to be as fol- 
lows : — 

TABLfi V. 
Order of succession of the Conducting Potoer ofvarums metdU. 



1 


2 


3 


4 


. 


e 


7 


8 


fi 


10 


11 


SUver 


Coppar 


Zine 


«.^ 


Tin 


htm 


Plflti- 


Lead 




FLmer- 
cury 


nmti 



* Becqnerel, Traits de rElectiricit6, voL iii. p. 74. 
f Antimony and bimrath were cast into small bars, and compared with 
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J84. This order, with the exception of tin, is nearly the same, 
for the greater part of these metals, as that determined hj the 
author for the ordinary electrical discharge in the year 1826, 
and is, with few exceptions, upon the whole generally accor- 
dant with the results of other experimentalists. The order 
of conducting powers above given was obtained from wires of 
about l-50th of an inch in diameter, and about 6 inches in 
length, tod were all placed in a cooling fluid medium, so as to 
preserve them at a constant temperature. The battery em- 
ployed was such as already stated (177), viz., a cylindrical 
battery, exposing about two square feet of zinc, with double 
copper, and excited by dilute nitric and sulphuric acids, in 
the proportion of 1 combined acids, in equal parts, to 50 
water. Davy, in his experiments in 1821, found the con- 
ducting power of tin between that of gold and iron ; the 
many disturbances, however, liable to arise in this class of 
experiment, owing to the variable conditions of different 
arrangements, as regards voltaic force, the transmission 
of the current by the given metal, Ac, will always interfere 
with a determinate result. Upon the whole, the results in 
Table V. are not far different from those of Sir H. Davy. 

185. In these experiments the several metals were placed 
outside the thermo-electrometer, a method subsequently 
followed by Professor Biess in his researches, printed in 
the Annales de Chimie, for 1838. Taking, however, the 
comparative temperatures of the several metals under the 
operation of a given voltaic discharge, as being inversely 
proportional to their relative conducting powers; then, as in 
the author's experiments in 1826, we may investigate the 
relative conducting powers of several metals, by drawing 
them into wires and placing them inside the ball of the 
instrument. In this case, however, it will be requisite to 
employ wires of sufficient dimensions to transmit freely the 
current force of the battery, otherwise, as already observed 

copper as a standard similarlj treated : fluid mercury was treated m a 
similar way, by a groove in varnished wood. ^ 
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{173), the best conductor may, under some circumstances, 
appear to be tbe most heated. 

186. The great yariation liable to arise in the treatment 
of metallic wires in this waj by the voltaic discharge does 
not allow, as just observed, of any very definite general 
determination as to the precise degree of conducting power 
of the several metals, or enable us to say, haw much the 
<x)nducting power of one metal exceeds that of another. 
We can only arrive at such a deduction, relatively ; that is 
with regard to the current force to which the given metal is 
exposed. Much on the same principle as in deducing the 
order of succession of the electro-motive force of various 
substances (82), .we have to take into the account the par^ 
ticular exciting fluid employed. In dealing, however with 
the ordinary electrical discharge from the Leyden battery, 
we may approximate very closely to a precise measure of 
the relative conducting power of various metals. Thus the 
author has shown experimentally (Phil. Trans, for 1826), 
that taking the conducting power of silver or copper as 
unity, then the conducting power of copper to iron, would 
be as 5 : 1, that is to say, copper would have five times the 
conducting power of iron ; and would, under i^e same 
degree of heat excited in it, transmit five times the quantity 
of electricity. Similarly, the relative conducting powers of 
copper and gold are as 3 : 2, of copper and lead as 12 : 1, 
and so on. These results are not without great claims to 
confidence, corresponding as they do generally with the early- 
deductions of many celebrated experimentalists* Dr. Priestly 
observes, that an electrical explosion, which only melts a 
copper wire of a given diameter, would quite dissipate an. 
iron wire of twice that diameter. The order of the fusi- 
bility of metals by the Leyden battery as deduced by Van 
Marum, was lead and tin, iron, gold, copper or silver, 
which is precisely the same order of the heating effect as 
deduced in my paper in the Phil. Transactions for 1826. 
Taking tbe conducting power of lead as unity, the order of 
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succession and relatire conducting powers of the followiug 
metals, supposing the whole of a giren accumulation, in a 
Leyden battery to be forced through them, are as in the fol- 
lowing table : — 

TABLBYL 



Met&ls . . . 


Lead 


Tin 


Iron 


Flatininn 


Zinc 


Gold 


SUvcr or Copper 


Condnddng Power 


1 


2 


2-4 


2'i 


4 


8 


12 



In the experiments of Yan Marum, which were pushed up 
to the point of fusion of the metals, the degrees of con- 
ducting power exhibited much greater differences, although 
the order of succession is the same, which may be attributed 
to the imperfect methods of experiment in these early 
periods of quantitatire electrical measurement. 

187. The heating effect of the same or different quantities 
of electricity on metallic wires, momentarily discharged 
through them, under the form of an ordinary accumulation 
on coated glass, is, as already observed (175), directly as the 
square of the quantity of electricity, without regard to the 
intensity indicated by the common electrometer ; it is also as 
the square of the diameter of the wire inversely, that is, as the 
quantity of metallic matter inversely, so that the conducting 
power of a metal for ordinary electricity, varies with the 
area exposed in cutting it through transversely to its length, 
that is to say with the area of its section, since this will be 
proportionate to its solid contents. 

The resistance to the passing accumulation will increase « 
with the length of metal traversed, a law which I found 
obtain through a circuit of from one hundred up to one 
thousand feet.* 

188. The explanation of these general laws of electrical 
action may be thus stated. Supposing a given quantity 
of electricity to &11 on a single metallic particle, and to 

* Phil. Trans, for 1834, p. %1^. 
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experience & given resistance in its progress, then supposing 
a second similar particle to be placed by the side of this first 
particle, this resistance would become only half as great, 
since the charge would be divided between the two particles. 
If two new particles be added, we may conceive the resistance 
to be still further reduced in the same proportion, and so 
on inversely as the number of added particles brought to 
share in the conduction. Now, in the sections of wires, the 
areas exposed will be as the squares of the diameters of the 
circles ; hence, in a wire of twice the diameter, we have four 
times the area, or number of metallic particles ; the com- 
parative resistance, therefore, in such a wire is only one 
fourth ; hence the heating effect, as found by experiment^ 
becomes reduced in the same inverse proportion. Similarly, 
by increasing the length, we continually increase the number 
of metallic particles, or resistances, to be successively van- 
quished by the same quantity of electricity taken in a right 
line ; hence the resistance through twice the length of circuit 
will be twice as great, — through thrice the length three 
times as great, and so on. If the quantity of electricity 
discharged be increased, we have a resistance proportionate 
also to the increased force of the accumulation. Thus, a 
particle of metal transmitting a double quantity of electri- 
city is subject to a double force, the tendency of the opposite 
electrical powers to imite, always increasing with the amount 
of the electrical disturbance, that is, with the charge of the 
battery. Such are the results with the ordinary electrical 
discharge, although from the causes already explained (179), 
' the inverse proportion of the square of the diameter of the 
wire is not always apparent in voltaic discharge. 

189. Professor Biess, of Berlin, as already observed (90), 
has objected to some of the results just stated (187). He 
thinks the heating power of the ordinary electrical discharge 
is dependent on the amount of coated glass upon which the 
electricity is accumulated, and has thrown the failure of the 
deductim of such a result &om experiment upon an assumed 
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defect in the construction of my instrument.* It is, however, 
extremely easy to discover in the memoirs of this cele- 
brated philosopher the source of his misapprehension. 
The question is an interesting and important one, and 
demands a brief notice here ; it is a question of a law of 
electrical action of great generality, viz. : that the same 
quantity of electricity always produces the same effect, 
without any reference to its previous electrical indications. 
Thus I have shown,t that the heating effect of the elec- 
trical discharge is entirely dependent on the quantity of 
electricity discharged through it, without regard to the 
intensity evinced by the battery, or whether accumulated 
on thick glass or thin. In accordance with this deduction, 
and to which Professor Biess objects, it is further shown by 
Faraday (Expl. Eesearches, 366 and 367), that "If the same 
absolute quantity of electricity pass through the galvano- 
meter needle (98), whatever may be its intensity, the 
deflecting force is the same," and "that the chemical power, 
like the magnetic force, is also in direct proportion to this 
absolute quantity of passing electricity ;" so far the results 
of my experiments with the thermo-electrometer are quite 
in accordance with the deductions of one of the most distin- 
guished philosophers of this or any other country. A 
question here arises, as to what is meant by the term 
" intensity." We have already discussed that question (113) 
as regards common electricity ; but whether we accumulate 
a given quantity of electricity on thick glass or thin, on a 
greater or less extent of coated glass, the whole of it at the 
instant of discharge concentrates in bulk upon the wire 
through which it is discharged, and hence its heating effect 
is quite independent of any variable indication of an electro- 
meter placed in conducting connection with the battery ; 
and which, with the same quantity accumulated, may, by 

* Ann. de Chimie for 1838, vol. bdx. p. Ill ; and Poggendorff, Annal 
der Phys. Th. iv. p. 432. 

+ Trans, of the Plymouth Institution, p. 66^ exp* If ^\A\%» j 
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Tarjing the conditions of the expenment, indicate any inten- 
sity we please. These intensity indications, as thej are 
termed (114), afibrd no information whatever as to any 
quality of the electricity accumulated. In fSact, they in. no 
way measure the absolute tension of the accumulation at the 
instant of its concentration upon the wire; they merely 
indicate what may be termed its &eedom of electrical 
action, taken in terms of an attractive or repulsive force 
with relation to the surface over which the charge is 
expanded. Now, it may be • shown, that this intensity indi- 
cation varies inversely with the square of the surface, all 
other things being the same ; that is to say, if you dispose 
the same quantity of electricity on twice the extent of coated 
glass of the same thickness, the electrometer only evinces 
one-fourth the force.* The expression representing the 
attractive force of the accumulation as regards the quantity of 
electricity and the surface of coated glass upon which it is 

expanded will be, I = 11. in which I = intensity, or attractive 
s 

force ; q = the quantity of electricity, and s = the extent of 
coated glass. Now, in discharging the given accumulation 
through a metallic wire, we find that the heat excited in the 
wire varies with the square of the quantity of electricity, all 
other things being unchanged, so we have the expression 
p = q2, calling r= the heating power of the discharge on 
the wire. Professor Eiess, however, contends that the extent 
of surface, or "number of bottles," upon which the electri- 
city is collected, and by which the intensity is diminished, 
must be considered ; and that the heating effect is really 

r = — But if the effect varied in any inverse ratio of the 

intensity, it must be as — , because, as just stated, the in- 
tensity is as the square of the surface, or "number of 
* PhU. Trans, for 1834, p. 22S. 
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bottles," inversely; so we shonld have r =: ^, which 

is evidently not the case, by Dr. Eiess's own experiments. 

190. It is true, as Professor Eiess observes, that the effect 
on the wire will be less as the number of bottles or jars of 
the battery are increased, the quantity of electricity being 
constant ; as I have myself fully explained in my paper in 
the Memoirs of the Plymouth Institution, printed in 1830, 
now twenty-five years since. But this result iij no way 
depends on the electrical intensify ; it is eutirely dependent 
on the increased circuit or extent of metal traversed hy the 
charge, in consequence of the increased number of charging 
rods, and other metallic connections necessarily attendant on 
an increase of the number of jars. The same result would 
ensue, if, in discharging an electrical accumulation from a 
single jar, we first discharged it through a circuit of 10 feet, 
and then through a circuit of 40 feet.* To make an- exact 
comparative experiment, we should discharge the same 
quantity of electricity from single jars exposing unequal 
coated surfaces, the circuit being in each case alike.f Let, 
for example, a very large jar be first coated up to an extent of 
2*5 square feet, and a given quantity of electricity accumulated 
and discharged from it, and be then coated up to 5 square 
feet, or double the former sur&ce. Then let the same 
quantity of electricity be again collected and discharged 
from this double surface. Still, the effect upon the metallic 
wire will be the same, although the intensity will be only 
one-fourth in the case of the double surface. Dr. lliess is 
undouhtedly correct in his deduction relative to the number 
of jars, as I have myself shown, J but is evidently in- 
correct in his interpretation of the experiment, and has 
certainly no ground for assuming a defect in my instrument. 
In fact, the instrument gives the result, r = q', for the nume- 

* Mem. of Plym. Inst., exp. 17 and 18, p. 6Q. t Ibid. p. 71. 

J Trans, of R. S. for 1834, p. 220. Trans, of the Plymouth Institu- 
tion, p. 65 (21). 4 
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rator of Dr. Biess's formula, and, so far as the mere number 
of jars are concerned, would give the result corresponding 
with the denominator, if we put s = "the number of bottles," 
equal to c = circuit ; bilt this is by no means a new result : 
that the heating effect of the ordinary electrical discharge 
on a metallic wire is directly as the square of the quantity 
of the accumulation, and inversely as the length of the cir- 
cuit, has been repeatedly demonstrated in my several papers 
on this interesting question. The result, however, is not 
correct for the denominator, considered as intensity, that is, 
supposing the coated surface not increased by the addition of 
jars to the battery, as in the experiments by Professor Eiess, 
but by increasing the coating of the same jar, or by employing 
two or more jars of unequal areas. Now, why the instrument 
should be true for the numerator of Dr. Eiess's formula, and 
false for his denominator, it may be difficult to explain, 
except upon the evident misapprehension of the nature of 
the question under consideration. As already observed (90), 
there is not any well determined law of electrical action with 
which the indications of the thermo-electrometer do not 
coincide. 

191. Important differences arise in experiments of this 
kind, in employing batteries of large and small jars, or in 
operatiug with greater or less quantities of electricity. The 
battery employed by Professor Eiess appears to have consisted 
of five jars or " bottles," each exposing about a square foot 
of surface. Now, the addition of the charging rods as the 
number of " bottles " are increased, upon so small a surface, 
would be necessarily felt in the transmission of the accumu- 
lation ; they would, as found by Dr. Eiess, prove a serious 
impediment to the progress of the current. In a battery of 
five jars which I have recently employed, chained by a 
three-feet plate machine, each jar contained as much coated 
surface as the whole battery employed by Dr. Eiess. In 
this case, large quantities of electricity were accumulated, so 
that the obstacles arising from the metallic rods necessarily 
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introduced into the circuit as the number of jars were 
increased, became of much less importance. When two jars 
only were employed, and placed horizontally with their open 
mouths against each other, and having a charging rod 
common to both, it did not appear of much consequence 
whether the accumulated electricity was collected and dis- 
charged from one jar or two. In operating with a battery 
of six jars, of Cuthbertson's construction, each exposing 
about 1-4 square foot of coating, the differences arising in 
accumulating a given quantity of electricity on one, two, 
three, &c. jars, amounted to something considerable. They 
were as follows : — 



TABLE VII. 










Number of jars 


1 


2 


3 


4 


5 


6 


Heating eflfect in degrees . 


16 


11 


9 


7 


5 


3 



It may, therefore, be supposed that, by increasing the 
number of jars, with a given accumulation, the effect on the 
thermo-electrometer would at length be inappreciable, and 
such was found to be the case; all this, however, has no 
relation whatever to the electrometer indication of the bat- 
tery called " Intensity." 

192, The fact is, that we do not obtain the full effect 
of the discharge due to an increasing quantity of elec- 
tricity, when we increase the number of jars at the same 
time. The expression, r = q' (l^^)? is only true by expe- 
riment, for a constant coated surface, consisting either of a 
single jar or of two or three, &c. jars. In the battery just 
adverted to, the effect of double the quantity of electricity 
disposed on two jars only equalled about 2^ times the effect, 
instead of 4 times, which it would have produced when 
collected on one* When three times the quantity was dis- 
posed on three jars, the effect was about 4^ times as great, 
instead of 9 times, and so on, until at last a liisd^ ^^^'^^^^ 
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beyond which the advantage derived with a given battery 
from an increased quantity of electricity, is entirely neu- 
tralised by the obstruction of the metals of the added jars 
to the free transmission of the discharge. 

193. In these experiments the quantities of electricity 
were measured by an exploding electrometer connected with 
the outside of the battery, which was insulated precisely in 
the way mentioned by Dr. Eiess. The experiments were 
instituted so long since as the year 1828, and will be foond 
in the Memoirs of the Plymouth Institution for 1830. I was 
not at the time aware that Colonel Haldane had resorted tb 
a similar method of measuring the charge of the Leyden 
battery many years previously, viz., in 1797, as quoted by 
Dr. Eiess, with the exception of the employment of 
Cuthbertson's scale-beam electrometer instead of a small 
jar with Lane's discharging electrometer, as used in my 
experiments. The most accurate measure of quantity accu- 
mulated in a Leyden battery is the unit jar which I sub- 
sequently invented, in 1831, described " Eud. Electricity," 
(93), page 105; also "Transactions of Eoyal Society for 
1834/' page 217. 
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CHAPTER VII. 

CUBRKKT MAGNETIC PORCE. 

Elementary Magnetic phenomena — First notions of the identity of Elec- 
trical and Magnetic forces — Discoveries of Oersted, his conjunctive 
Wire joining the Poles of the Battery — Belative directions of the 
Wire and Magnetic Needle, reciprocal attractive and repulsive forces — 
Development of Magnetism about the conjunctive wire in perpen- 
dicular circular planes — Electro-magnetic Needle — Action of Helical 
coils on Iron and Steel — Electro-magnets, their immense power — 
Development of Electricity by the induction of current Electricity and 
Electro-magnetie force— Primary and secondary coils — Electro-dynamic 
coils by Hearder and Buhmkorff. 

194. The magnetic agency of the voltaic apparatus is 
another of those singularly interesting and magical pojrers 
in which it so richly abounds, and may be considered as a 
most important link in the chain which evidently connects 
the unknown physical causes of heat, electricity, and mag- 
netism, and probably other of those occult forces by which 
the material universe is controlled and regulated. It may 
perhaps conduce to a clearer apprehension of this very 
wonderful branch of voltaic electricity, if we briefly revert 
to some of the more elementary features of common mag- 
netism, as given in our rudimentary treatise on that subject, 
leaving a more elaborate exposition of its principles to a 
study of that work. 

195. It is here to be remembered, that a certain ore of 
iron, termed natural magnet or loadstone, has the power of 
aggregating ferruginous matter about given points of its sur- 
face. Iron dust, or filings of iron and steel, for example, will 
collect about and appear to be attracted by those points, in 
considerable masses. "When this substance is suspended by 
a delicate thread, so as to have freedom of motion, then the 
points of its surface about which the fexTV^L^s^ssv^s^ \asi^«t 
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collects are observed to arrange themselves so as to stand 
nearly in the meridian of the place in which the experiment 
is made. These points have been hence termed the poles of 
the loadstone ; that part of the surface which points toward 
the north has been termed the north pole, and that portion 
of the surface directed towards the south, the south pole. 

This understood, we have next to observe, that when 
a regularly formed bar of tempered steel of moderate 
dimensions, or a common needle, is brought into contact 
with the poles of the loadstone, and passed across them a 
few times with slight friction, then such a bar acquires pro- 
perties similar to the loadstone itself, and constitutes what 
has been termed an artificial magnet. When worked into a 
certain form, and suspended on a fine central point, the 
bar becomes a magnetic needle. It is usual to mark that 
extremity of a magnetic bar which points toward the north, 
with a small cross, or a straight transverse cut. We have 
next to remember, that the magnetic energy or attractive 
force on ferruginous matter, is greatest near the ends of the 
needle, aild that it diminishes in each half of it as we 
approach the centre, or nearly the centre, where it is little 
or nothing. 

196. When two Such bars or needles are placed upon fine 
pivots near to and immediately over each other, they will 
only rest in one position, that is, with the marked pole of 
the one over the unmarked pole of the other ; if we attempt 
to place the two marked ends or the two unmarked ends 
over each other, and leave the needles to the free operation 
of the forces operating on them, they will not endure that 
position for a moment — the similar poles will repulse each. 
other, and the dissimilar poles will attract, until they rest in 
the position just stated, that is, with the marked pole of the 
one over or next to the unmarked pole of the other. 

197. Moreover, we find that when a delicate needle of 
tempered steel, not magnetic, is mounted on a fine trans* 
verse axis, so as to allow of motion in a vertical plane, 
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and is so nicely balanced as to be indifferent as to anj 
position in that plane in which it may be placed, and, being 
so poised, is then touched with a magnetised substance, it 
will immediately, if in the plane of the magnetic meridian, 
take a given inclination to the horizon. Its marked pole in 
these latitudes will dip or incline to an angle of nearly 70 
degrees. This dip varies in different latitudes ; it is greatest 
near the pole, and nothing at the equator. The natural 
position of the magnetic needle, therefore, is not always a 
horizontal north and south line, but an inclined line, 
depending on the latitude nearly. An instrument for 
determining the amount of this inclination has been termed 
a Dipping-needle. 

198. The natural cause of all these phenomena has been 
referred to magnetic properties in the mass or surface of our 
terrestrial globe, which has been imagined to have its opposite 
poles and magnetic centre in common with artificial magnets. 
In fact, the earth is probably a terrestrial magnet of some 
kind, giving inclination and direction to the magnetic needle. 
Perhaps upon the law of magnetism just explained, viz., that 
opposite poles attract, and similar poles repel, it would so far 
be really the south pole of the needle which would be attracted 
by the north pole of the earth ; hence, that extremity which 
points north should properly be called its south pole. To 
avoid confusion of this kind, Faraday concisely distinguishes 
the poles of a magnet-needle or bar by the terms " marked " 
and " unmarked" poles ; he speaks of the north and south 
ends of the bar or needle, but not of north and south poles 
of the needle. 

.Such are the elementary phenomena of common mag- 
netism we have to keep in view in our expositions of the 
current magnetic force of the voltaic series. 

199. The great similarity of the laws and physic^ relations 
subsisting between electricity and magnetism, as set forth 
by (Epinus : the proved identity by Franklin of the cause 
of lightning and common electricity, both of ^Vik.^ ^'as^ 
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disturb the magnetism of the compass, reverse its pola- 
rity, and give magnetic power to steel, had long engaged 
the attention of the scientific world, and had suggested 
the notion of magnetic and electrical phenomena being 
more or less dependent on the same physical agency. The 
views, however, generally advanced upon this subject were 
very conjectural, and ill-defined, and had but little claimi 
to consideration, further than that of interesting scientific- 
speculations unreduced to the form of a science. We owe 
the present advanced state of our progress in these most 
important questions entirely to the wonderful magnetic 
powers of the voltaic apparatus, and its operation in deter- 
mining the actual relations subsisting between the electrical 
and magnetic forces. 

200. The first substantial discoveiy of the magnetic force 
of the voltaic apparatus was effected by QErsted, a Danish 
philosopher of singular skill and ability. Having for some 
time turned his attention to the relations subsisting between 
electricity and magnetism, he was led, by that energy of 
intellectual thought so characteristic of a high order of 
genius, to consider, and examine, the actual condition of a 
metallic wire connecting the poles of a voltaic battery whilst 
in a state of activity. Then it was that a magnetic condition 
of the wire became apparent, never before contemplated* 
The wire, as already stated (96), caused the magnetic needle 
to deviate from its meridian according to given laws, and 
tend to place itself across the wire. On bringing the needle- 
into various positions relative to the wire, either above or 
below, or on either side of it, always preserving the paral- 
lelism of the needle and wire, then it became apparent that 
the movements of the needle took place in a circle about the 
wire, as is seen in the following experiment. 

Exp. 23. Let o z, fig. 69, be a voltaic battery consisting 
of about 30 pairs of 6-inch plates, zinc and copper (68), and 
z p K c a metallic wire connecting z o, the zinc and copper 
extremities of the series, and of which the portion P K is 
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perfectly straight, and placed on insulating supports in the 
magnetic meridian. Let « n be a small magnetic needle 
(195) delicately suspended p. gg 

on a central point, and the 
voltaic current be supposed 
to flow from p to ir, through 
the circuit z p n c. If now 
the needle s n he immedi- 
ately under and parallel to 
the joining wire p ir, that cd* 

is, if the wire be immediately over the needle, then the 
extremity n of the needle, next the negative extremity n c 
of the battery, turns towards the west, and that whether the 
needle be on the one side or on the other side of the wire, 
so that it be below and parallel to it. If the needle s n he 
now brought into the same horizontal plane P N as the wire, 
then these deviations are no longer apparent, but the needle 
attempts to move in a vertical plane perpendicular to the 
plane of the wire, and when suspended on a delicate hori- 
zontal axis admitting of this motion, invariably does so. 
Supposing p N to be the line of the magnetic meridian, 
N being the north end of it. Then if the needle be 
placed on the same plane as the wire on the west side 
w, the pole n next the negative side n c of the battery 
dips below the plane of the wire, and the opposite pole 
s is elevated. If, on the contrary, the needle s n he 
placed in a similar way on the east side e of the wire, then 
the reverse of this takes place ; the pole n adjacent to the 
negative side of the battery is elevated, and the opposite 
pole 8 depressed. If the needle be now brought so as to be 
above and parallel with the wire p ir, we have then the 
reverse of what happens when it* is beneath the wire ; the 
pole n, next the negative side of the battery, now turns 
toward the east, no matter whether it be on the one side of 
the needle or on the other, so that it be above and parallel 
with it. -^ 
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201. Such were the first results of (Ersted's momentous 
experiments. His formula for the movement in a hori- 
zontal plane is this. " The pole above which the negative 
electricity enters is turned to the west, and the pole under 
which negative electricity enters turns to the east." The 
views of these phenomena, as given by (Ersted, are the follow- 
ing : he considers that in the voltaic discharge through the 
closed circuit z p s" c, fig. 69, opposite electricities enter the 
conjunctive wire at p and n ; positive electricity is supposed 
to enter at p, and negative electricity at n. The result of 
this is a sort of electrical conflict within the wire, in which 
the two forces become so blended as to escape all observa- 
tion by ordinary electrical instruments, without, however, 
acquiring perfect equilibrium, nevertheless, continuing to 
exhibit great activity under a new form of action sensible to 
the magnetic needle. These phenomena, it is to be re- 
marked, are not the result of electricity at rest, that is, 
statical electricity, but are the consequences of electricity in 
motion, or dynamical electricity ; the state of the conjunctive 
wire being a dynamical^ not a statical state. 

202. It may, perhaps, be as well further to observe, that 
in the experiment as illustrated in the last ^, 69 (200), we 
have, for the sake of historical association, employed a series 
of plates imder the simple form of a common battery. The 
results in this case may hence appear not to coincide with 
the results of a single pair of plates, given (96) fig. 44. On 
referring, however, to our explanation of the real import of 
the terminating plates of a trough battery (34), it will be 
immediately seen that the two electrodes of voltaic dis- 
charge are the same in both cases. The last zinc plate z in 
fig. 69 is only the positive side of the battery in virtue of 
its transmitting the positive electricity of the copper plate 
before it ; and the first copper plate, c, is only the negative 
side, from its transmitting the negative electricity of the 
last zinc plate behind it. The terminating zinc and copper 
plates are therefore not to be considered, except as adjuncts 
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designating the positive and negative extremities of the pile. 
Take these away, and the terminating plates in figs. 69 and 
44 are the same. 

203. It is evident that, in all these operations, the 
directive force of the needle and the way in which it is 
suspended are two forces interfering with what would be 
the actual movement of the needle, supposing such forces 
neutralised or removed. In this case we find, that when 
the centre of a finelj-hung needle is brought near the con- 
junctive wire of a powerful apparatus, the needle will stand 
right across the wire in all relative positions of the wire and 
needle ; supposing the centre of the needle carried round 
the wire, this direction across the wire is such, that the 
marked and unmarked ends of the needle (198) are always 
in a constant position relative to the poles of the battery. 

Exp. 24. Let the positive end of the battery be on the 
right hand of the observer, and the needle below the wire, as 
indicated in fig. 69 (200). Complete the cbcuit z p n c, the 
marked end of the needle will come towards him, and the 
needle will stand across the wire, as represented in the 
adjoining fig. 70, in which p k is the conjoining wire, 8 n 
the needle, p the positive, n the nega- 
tive side of the battery. It is diffi- ^^i-jO, 
cult, but not impossible, to suspend 
the needle so as to give it free motion 
in all directions, whilst the force of 
the terrestrial magnet (198) on the ^ _ 
needle may be neutralised by the 
influence of a third magnet, or 
otherwise rendered null by an astatic 
arrangement (98). "^ 

204. It is next to be observed, that, supposing the excited 
wire and needle to be situated as indicated in the last 
fig, 70 (203). Then, on moving the needle backwards and 
forwards, under or above the wire, so as to expose difierent 
points of the needle to the current force, the needle ^>1^ ^;^ 
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seen to be afctractire of the wire, and the wire of the needle^ 
throughout its entire length, so that the magnetic condition 
of the wire is such as to attract both ends of the needle. 
The same residt will ensue in moving the needle along under 
the wire longitudinally ; every point of the wire will be 
found attractive of every point of the needle, that is to say, 
so long as the wire and needle remain in the position indi- 
cated in ^g, 70. When, however, we reverse the direction of 
the needle, the direction of the current remaining the same,^ 
then the needle and wire repulse each other. 

205. On further examining the magnetic condition of the 
junction wire, we find it highly attractive of ferruginous 
matter, so that filings of iron or steel, when brought suffi- 
ciently near, will accumulate about it in great quantity, until 
the wire becomes as it were loaded with them. On breaking 
the contacts n o or p z with the battery, the magnetic force 
instantly vanishes, and the filings drop away from the wire 
as if by magic. We owe this curious fact to the labours of 
Arago and Davy. Davy further showed that the filings 
which had accumulated on the opposite sides of two similar 
junction wires similarly affected by the current were 
attractive of each other, whilst those on the same side 
repulsed each other. Such wires, therefore, had conveyed 
to the filings opposite polarities (196). • 

Exp. 25. Let p n ^g, 71 be the terminating plates of the 
battery, and ah c d straight and parallel portions of two 
p. -- wiresjoining them; we have 

then two parallel currents 
in the same dn-ection, as in- 
dicated by the arrows. Let 
the small circles and short 
straight lines be supposed 
to represent ferruginous 
filings collected about these 
wires ; those on similar sides of them, being distinguished 
bjrsinsn circles and short lines. Then the filings on oppo-* 
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site relative sides of the two wires attract, whilst those on 
the same relatire sides of each wire repel ; thus, the filings 
indicated by the small circles attract those indicated by 
the short lines. The repulsive force may be observed by 
the arrangement indicated fig. 72, in which a h and c d are- 
parallel portions of a single wire Fig. 72. 
joining the poles p N, and bent so ^* py 
as to reverse the direction of the p 

current in the straight portion a h, ^ ^ E ^ 

which amounts to the same thing 
as opposing the similar sides of 
the wires a h and c d m the last 
^g. 70. Davy, to whom we are indebted for this experiment^ 
employed occasionally two separate batteries. The result had 
been anticipated by the justly celebrated French philosopher,. 
Ampere, who found that when two parallel wires, ah c d, 
^g. 71, carrying an electrical current in the same direction, 
were free to move, the wires were attractive of each other, 
but repulsed each other when the currents were in different 
directions, as in fig. 72. 

206. The magnetic force developed in a wire joining the 
poles of the voltaic series is common to all the metals, and 
their electro-magnetic condition is such, that when exposed 
to the poles of a common artificial magnet, they are imme- 
diately attracted or repelled by it. 

Exp. 26. Suppose, in the last ^g, 72, that the circuit 
V d c ahs were free to move upon the points p n. Then 
the marked end of an artificial magnetic bar attracts a h and 
repells c d, that is to say, attraction ensues when the current 
is moving from p to K in direction a h ; the positive side of 
the battery being on the right hand, and repulsion when 
moving in direction c d, which is the same thing as bringing 
the positive pole p to the left hand. If small cylinders of 
metallic wire be placed across two fine knife edges connected 
with the opposite poles of a voltaic battery, the positive side 
of the battery being on our right hand, ths^^ ^-^YccAjsra. 
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be made to roll along on the knife edges by the attractive 
or repellent forces brought into play on presenting to them 
the marked or unmarked extremity of a magnetic bar. If 
the marked end be presented to the wires, attraction will 
result ; if the unmarked end, repulsion. The forces may be 
reversed by changing the end of the magnetic bar, or 
reversing the current. 

207. Upon a rigorous investigation of the relative forces 
of electricity and magnetism thus called into operation, it 
has been found that when an electrical current is caused to 
flow progressively through a metallic wire, the wire is every- 
where surrounded by curves of magnetism placed in planes 
perpendicular to the direction of the current. Thus, if p ir 
fig. 73 be the wire carrying the current, ah c d, &c., will be 

the curves of magnetism, and 
small magnetic needles, free tx> 
move, will arrange themselves as 
tangents to these curves. Thus 
two small needles, n s and s n^ 
will arrange themselves as tan- 
gents to any given points of the curve to which they 
are applied ; and if carried roimd the curve, would indicate 
circular motion round the axial wire. Hence the magnetic 
force emanating from the wire does not act in a line parallel 
to the current, but is exerted in a plane perpendicular to the 
wire. Thus if p n fig. 74 be a rheophoric conjunctive wire, 

ah c d will be a circular mag- 
netic "plane, and the direction of 
the action will be determined by 
the direction of the current. If 
we refer the conducting wire p ir 
to the vertical, and suppose a 
descending current, the direction 
of the action will be from left 
N to right, that is, in the direction 

of the bands of a watch placed horizontally, the dial- 
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plate being next the positive pole p, and the wire p n 
being supposed to pass through the centre o, 

208. This magnetic condition appears to obtain whenever 
concentrated electricity is passed through space. Davy found 
that the discharge of about 17 square feet of coated glass 
through air, magnetised a needle placed transversely to the 
explosion ; and when discharged through a silver wire of the 
l-20th of an inch in diameter, bars of steel 2 inches in 
length, and l-20th to the 1-lOth of an inch thick, were made 
su£B.ciently magnetic to attract steel needles; and this mag- 
netic influence of the discharge extended round the wire at 
a distance of 5 inches, and was exerted through water, 
glass, or metal electricallj insulated.* 

209. Professor (Ersted, in announcing his great discovery, 
had undoubtedly some idea very analogous to this kind of 
action.. He conceived that, in the case of the conjunctive 
wire, " the direction followed by the electrical powers is not 
a right line, but a spiral turning from the leflb hand to the 
right," an idea but little countenanced at the time by the 
scientific world. Ampere, however, subsequently adopted a 
view of electro-magnetic force involving a very similar con- 
dition. He assumed that common magnets were only 
masses of matter having electrical currents circulating in 
closed curves about their axes, upon which theory, he was 
led to construct an helical coil such as represented in the an- 
nexed fig. 75, in which the 

extremities p n of the wire ^^' '^' 

were returned through the 
helix, and brought out at the 
centre : the one, p, above ; the 
other, n, below. This appara- 
tus, when so suspended as to 
be free to move upon the points p n ai the time of its 
connection through p n with the opposite poles of the 
voltaic apparatus, takes up a position in the direction of 

♦ Phil. Trans, for 1821, p, 18, 
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the magnetic meridian, and is perfectly obedient to the 
common laws of magnetism; either extremity t s being 
attractive of one end of a magnetic bar, and repnlsiye of the 
other, just as a common magnetic needle wonld be (196). 

210. It may be inferred, upon this hypothesis, that 
ferruginous matter, such as iron or steel, would become 
powerfully magnetic if placed within a helix transmitting 
the electrical current ; and such is really the case : when a 
steel cylindrical rod, h, ^g. 76, is surrounded by an helical 
Fiff 76 ^^^^ * ^» *^® couTolutions of which are well insu- 
lated by a Tarnished coyering of silk thread, and a 
powerful electrical current transmitted through 
the coil, the rod receires an extraordinary degree 
of magnetic power, so great as not unfrequently to 
become magnetised to saturation. The position 
of the poles of a steel bar or needle rendered mag- 
netic in this way will depend on the helix, or direc- 
tion of the current. If a right helix be used, that 
is if the convolutions proceed from the right hand 

downward toward the left hand, that end of the bar or 
needle toward the negative side of the battery becomes 
the marked end (166), and if suspended will turn toward 
the north pole of the earth ; whilst the extremity of the 
bar next the negative pole of the battery becomes an 
unmarked end and turns toward the south. The reverse 
takes place with a left helix. This direction and constancy 
of the poles maybe easily inferred to be a direct consequence 
of the invariable position of the needle in respect of the con- 
junctive wire as indicated (207) fig. 73 ; since in comparing 
a small portion of each coil of the helix, fig. 76, with the 
contained needle, the needle will in fact be found crossed bj 
as many conjunctive wires carrying electrical currents. 

211. When iron or steel is exposed in this way to the 
operation of many helical coils, superposed one upon 
the other, the magnetic force developed seems to be almost 

2nde£nitely great, especially in very pure soft iron. In this^ 
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however, the magnetism yanishes, or nearly so, directly we 
break the contact of tbe helix with the battery. Magnets 
of this description, therefore, have been considered and 
called more especially electro-magnets : whilst the current 
is in operation the force far exceeds anything which can be 
obtained by common magnetised steel, and we have the 
additional advantage of being enabled to regulate the force 
or reverse the poles at pleasure, either by varying the force 
of the battery or the extent of the helical coil, or by chang- 
ing the direction of the current. 

212. The most powerful electro-magnets as yet produced 
have been constructed of bars or rods of soft iron bent into 
the horse-shoe form, and surrounded by coils of copper wire 
covered with varnished cotton or silk thread, so as to effec- 
tually insulate the coils, and compel the current electricity 
to traverse the whole length of the wire. "When the ex- 
tremities of the helical coils are connected with the opposite 
electrodes of the voltaic apparatus, a degree of magnetic 
power becomes developed in the iron with about ten cells of 
a Grove's battery, sufScient to suspend a ton weight, through 
the intervention of an iron bar placed across the projecting * 
ends of this electro-magnet. 

The annexed figure 77 represents the electro-magnet as 
thus constructed, in which 
A c B is a bar or cylinder of *' *'^' 

very soft iron, about 2 feet 
in length and 2 inches in 
diameter, bent into a curnK- 
near form as shown in the 
figure; m c n la meant for 
superposed helical coils of 
copper bell-wire, prepared as 
above described, and sur- 
rounding the iron, each coil 
being about 60feet in length. 
A B is a bar of soft iron ground flat to the aurfiasft.'^ Ci^ ^^ 
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projecting ends, A B, of the iron rod, and is furnished with a 
hook at h, for suspending weights of any required amonnt. 
When the extremities mn oi the coils are connected with a 
powerful voltaic apparatus, the attractive force of the extre- 
mities or poles of the magnet upon the iron bar, a b, is 
such, that above 2000 lb. weight has been suspended from 
h without breaking the contact. 

213. An electro-magnet of this kind, constructed by 
Paraday, and turned with its projecting ends upward, could 
seize upon iron spike-nails, when projected over them, and 
80 imite them by magneticr^inductive force, one with the 
other, as to form a sort of plastic mass of ferruginous matter 
from pole to pole, as indicated in the annexed fig. 78, and 

J,, yg which might be swayed to and fro by the hand ; 

. ,. ^ either pole, a b, fig. 77, of this magnet could 

^y^'^"^ ^"^-l;, sustain half a hundred weight, when applied 

" ' to it. The soft iron core of this magnet was 

28 inches in length, and 2'5 inches in diameter. 

The helix consisted of copper wire about the 

l-6th of an inch in diameter and 500 feet in length. This 

•helix was disposed round the iron in four superposed coils 

connected end to end, so that the current traversed the 

whole length of the wire. 

214. These astounding magnetic effects of the voltaic 
apparatus are necessarily of the deepest physical interest, 
seeing that an unknown and mysterious power of nature 
has been called up into active operation, which, from the 
earliest periods of philosophical history, has been the wonder 
and admiration of each succeeding age ; and also that mucli 
light has been thrown upon the probable source of the magic 
influence of this power in directing the. position of the mari- 
ner's needle, and aggregating into masses disjointed particles 
of ferruginous matter. It would be without the limits of a 
rudimentary work such as this, were we to enter upon all 
the phenomena incidental to the actions and reactions of 
rheophoric wires and magnetised iron or steel upon each 
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other, and the numerous motions and effects to which they 
give rise. Such phenomena come more especially under the 
beautiful departments of science termed "electro-magnetism" 
and "magneto-electricity." The experiments and phenomena 
to which we have called attention, are probably sufficiently- 
illustrative of the magnetic powers of the voltaic pile, the 
great object we had in view, and to which our attention has 
been necessarily restricted. We must therefore be content 
with a simple notice of a few of the more elementary results 
of electro-magnetic and magneto-electric inquiries. 

215. Eirst, we have to observe, that when a conjunctive 
wire (200) is free to move under an appropriate mechanical 
arrangement, it will revolve about the poles of an artificial 
magnet (195) ; conversely the magnet will revolve about the 
wire : if both are free to move, they will revolve round each 
other. 

Secondly, a conjunctive wire may be so disposed as to 
become under the control of the great terrestrial magnet 
(198), and obey aU the laws referable to terrestial mag- 
netism ; taking the magnetic dip or inclination (197) just as 
the ordinary balanced needle would do. 

Thirdly, an artificial magnet, mounted on vertical pivots, 
and transmitting under the form of a conjunctive wire an 
electrical current from its centre to either end, or conversely, 
will revolve upon its vertical axis with great rapidity. 

Fourthly, two conjunctive wires, free to move, repulse 
each other when the currents are in opposite directions, and 
attract each other when in the same direction. 

Fifthly, it has been found that not only does electrical- 
current force originate pure magnetic force, but that, con- 
versely, pure magnetic force originates electrical-current 
force, giving rise to a series of effects of the very first 
importance. By means of common magnets, electrical 
currents become developed in metallic bodies, especially 
when aided by helical coils, and of such power as to produce 
electrical sparks and shocks, and otherwise exhibit all the 
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phenomena of the ordinary electrical madiine and voltaic 
apparatus. Metals beaten into thin metallic leaves may be 
deflagrated^ flne metallic wires made white hot. Electro- 
chemical decomposition effected, and a variety of other 
effects produced. This property of ordinary magnets to 
induce electrical currents without the aid of any voltaic 
circle, has been termed " magneto-eleciaic induction." 

216. We can scarcely conclude this branch of our subject 
to which this chapter has been devoted, without a brief 
allusion to some late forms of apparatus dependent on 
electro-dynamic and magneto-electrieal induction, and which, 
through the operation of secondary currents, have been 
found to develop ordinary electrical powers of a mpst but* 
prising character. 

217. When a wire is under the influence of the current 
force of the voltaic apparatus, the current appears to exert 
upon the electricity of conducting matter within the sphere 
of its influence a peculiar inductive effect, and in such way 
as to put the electricity of the near matter in motion if pre- 
viously at rest, or, if in motion, either to increase or diminish 
the current force. This effect, termed volta-electrical 
induction, is however of a momentary or temporary cha- 
racter, and is only evident at the instant of completing or 
breaking the circuit. It may be easily apprehended by 
reference to the following experiment : — 

Exp. 30. Construct two long adjoining helical coils. 
Fig. 79. (a n tn b, c n m d), fig. 

79, each coil consisting of 
about 250 feet of copper 
wire covered with insulating 
thread ; let the two coils be 
wound together upon the 
same cylindrical hollowmould 
9/^ n, so as to go on side bj 
side, and be superposed upon 
each other, as indicated in the figure ; connect the extremities 
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a h of one of the coils a n m h, vrhich we will call the 
secondary coil, with tf delicate electro-magnetic multiplier 
or rheosoope a h (98), and the extremities c d oi the other 
coil c n m d, which we will call the primary coil, with 
the opposite extremities of a Wollastoa'a battery of about 
100 pairs of plates (72), complete the ccmtact with the * 
battery through the coil c n m d, and the rheoscope a b 
-will become deflected in a given direction by the Tolta- 
electrical induction upon the coil anmh ; the effect will be, 
however, like a passing wave, it will be anly for the instant, 
alter a few vibrations the rheoscope will again recover its 
first position. Proceed now to break the contact with the 
battery through the coil c n m d, then another temporary 
wave will ensue, and the galvanometer needle wiU be 
deflected for a moment in the opposite direction. On 
examining these two different deflections of the rheoscope 
needle a h, we find that the current induced in the secondary 
coil on making contact is in the opposite direction to that 
of the primary current in the coil c nm d^ whereas, on 
breaking the contact, it is in the same direction. 

218. This inductive effect may either occur on a secondary 
wire, or it may take place in the primary wire ; that is to 
say, the primary wire may induce a current in itself on 
making or breaking contact with the battery : hence, the 
spark observed to take place at the point of disruption is 
much greater in a long wire or helix than in a short wire.* 
If the wire connecting the electrodes of the battery be 
short, say about a foot only in length, the spark observed 
on making or breaking the contact with the battery is 
comparatively feeble, occasionally insensible, — it is, in 
fact, dependent entirely on pure electrical action ; but if a 
wire of 50 feet be employed, then this volta-electrical 
induction comes into play, and the electrical spark is con- 
siderable. It is still more increased when the 50 feet of wire 
are wound into an helical coil, in which case there is a reci- 
procal inductive action between the spiral tarna of the coil. ^ 
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219. Volta-electric induction maj be designated as a 
lateral action of the primarj current upon the electricity of 
the surrounding or next particles of conducting matter, and 
it takes place in planes, perpendicular to the respective 
points of current force. The effect is probably identical with 
the curves of magnetic force (207) fig. 73, or is intimately 
associated with them. 

220. When a soft iron rod is introduced into the helical 
coil, at m, (217) ^g. 79, then, as first observed by Mr. 
Jenkin, in experimenting with the helical coil of the 
electro-magnet, (212) fig. 77, this volta-electrical induc- 
tive effect becomes amazingly increased ; if we grasp the 
ends of the secondary wire through metallic cylinders, 
and make or break the contact with the battery, through 
the animal frame, then a smart shock is immediately felt ; 
and is of such a nature as to be, with powerful arrange- 
ments of the apparatus, quite insupportable. Bright vivid 
sparks may be obtained from the secondary wire, and an 
amount of ordinary electricity developed, quite unpre- 
cedented. "We, in fact, combine the effects of electro- 
dynamic with magneto-electrical induction; since at the 
moment the iron loses its magnetism on breaking the 
contact with the battery, the secondary wave becomes 
increased in force. 

221. The currents thus produced in the secondary wire 
may, by appropriate arrangements, be interrupted through 
the intervention of some thin insulating substance ; we may 
hence manage to stop off, as it were, the first currents in 
the one direction, due to the instant of completing the 
battery contact, and preserve those only due to the hreaJcing 
of the battery contact, found to be the most energetic ; a 
rapid series of intermitting sparks in one direction is the 
consequence. The intensity of this secondary current is 
such as to pass through half an inch of air, whilst the 
inducing current on the primary Ynre is so feeble as to be 
scarcely /appreciable through a very small distance. 
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222. A very powerful arrangement of these primary and 
secondary wires was resorted to by Mr. Hearder, some 
years since, under the form of a medical instrument, for the 
application of voltaic electricity in cases of disease, for 
which he received the silver medal of the Eoyal Polytechnic 
Society of Cornwall. Other powerful and valuable forms of 
the coil-machine have been produced by Bird, Henley, and the 
Rev. F. Lockey, highly deserving attention. More recently 
a volta-electric-inductive apparatus has been produced by 
Euhmkorffjof still greater power, and which 
bids fair to prove of vast importance in the 
further investigation of this department of 
physics. Hearder's form of the electro- 
dynamic and magneto-electric-induction 
machine is represented in the annexed 
figs. 80 and 81. 

Fig. 80 represents the arrangement in 
section, m is" is the soft iron core within the 
helix, generally consisting of a bundle of soft iron wires ; a d 
is the primary coil, and 
h c the secondary coil 



Fig. 80. 
U M 




Fig. 81. 




outside it. 

Fig. 81 represents the 
instrument as complete. 
In this figure, a «» b is the 
general cylindrical mass, 
consisting of the primary 
and secondary coils, just 
described, fig. 80, with 
the hollow cylindrical 
mould, and its interior 
soft iron core ; m n are 
the terminations of the 
internal primary coil next the core a to be connected 
with the positive and negative sides p K of the battery ; 
a B are the terminations of the external ot %^<^^^^^sir^ 
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coil, from the extremities p q of which the effects of 
the induced current are apparent. There is a small auto- 
matical or self-acting rheotomic apparatus at a (107) by 
which the contacts with the battery are rapidly broken 
and renewed, and the current determined in a given direction 
between p and q. This rheotome depends on the attrac- 
tive force of a small piece of soft iron and the iron core, when 
made electro-magnetic by the action of the current (210), 
being thus lifted, the contact with the battery is broken. 
The iron core at thi* instant loses its magnetism, and hence 
ceases to attract, so that the iron now falls back again by a 
spring action, and in doing so re-makes the contact as 
before; the rapidity of this movement is wonderful. The 
wire a d, fig. 80, of the primary coil, is a stout copper wire, 
covered with thread, of moderate length, being about 150 
feet ; the wire h c, of the secondary coil, is a finer wire of 
covered copper, of about 2100 feet in length, or 14 times 
the length of the primary coil. It has been found desirable 
to employ a comparatively short length of stout wire for the 
primary coil, and a great lengthy of fine wire for the 
secondary. GFassiot constructed a coil of this description, 
in which the secondary circuit is said to have been 12 miles 
in length. 

223. In the medical coil of Hearder great care has been 
taken in the proportioning the length and thickness, and 
consequently resistance, of the primary coil to the electro- 
motive power of the battery, by which means smaller 
batteries than have been hiterto used are made available. 
With a small Smee's battery (79) the electrical effects of 
this apparatus are quite surprising. Strong electrical sparks 
are produced, and a striking distance obtained of several 
inches, through rarefied air, small Leyden jars may be 
charged, and metallic leaves deflagrated. A remarkable 
phenomenon is observable in this instrument: when the 
termmatiana p q, fig. 81, of the secondary wire are joined, 
we bare as usual a severe «ihock*, but if whilst one finger 
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touches the terminal a, we bring another finger of the same 
hand to touch the terminal b, then we obtain pungent 
sparks without a shock. 

224. In Buhmkorffs apparatus — the latest and most 
powerful of these contrivances ; known by the especial desig- 
nation of Ruhmkorff's coil — great attention has been given 
to the perfect insulation of the wires forming the primary 
and secondary coils. The apparatus has a rheotrope (108) 
attached to it, by which the current in the primary wire can 
be reversed. The electrical discharges of this coil are 
quite frightful, and the light disengaged by them in an 
exhausted receiver, very magnificent and remarkable. The 
Leyden battery is easily charged by it up to a certain 
intensity, and common electrometers powerfully affected 
thereby, showing as in Hearder's apparatus a conversion of 
the dynamic force of the primary current into the static 
force of the electricity of induction. Grove, on connecting 
the terminals of the secondary wire with the coatings of a 
Leyden jar, produced, by means of a Lane's electrometer, 
a series of rattling discharges quite appaUing. When, how- 
ever, the jar is not thus intervened the discharges are soft 
and flame-like, as in discharges of common electricity from 
the Leyden battery through water. This flame-like effect, 
as in the case of the Leyden discharge through water, can 
readily ignite gunpowder and other inflammable matter, 
whilst the rattling discharge fails to do so, probably from 
its mere expansive violence. 

225. It may be perhaps not uiiimportant to remark in 
reference to the theory of volta-electrical induction (217) 
commonly employed in explanation of secondary currents, 
that, as observed by Hearder, a great question still arises 
as to the real source of these currents, whether in fact they 
may not depend altogether on the temporary magnetic state 
induced in the soft iron placed within the helix (220), which 
in its turn reacts upon the secondary wire in a way converse 
to that of the electro-magnetic action of tV^.^ ^tvs&ssc^ 
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current. The primary current first develops magnetism, 
and then the magnetism develops electricity through the 
secondary wire, being the converse of the electro-magnetic 
action before adverted to (207), fig. 73. Whether in fact 
the feeble inductive effect observed by Faraday in approxi- 
mating a wire transmitting a current toward another wii'e 
in a quiescent state,* may not result from the small amount 
of magnetism induced in the primary wire (205). It would 
appear from some extensive experimental inquiries by Mr. 
Sjorth, a Danish philosopher, lately resident in Liverpool, 
that powerful electrical currents may be induced in the 
secondary coils of the apparatus just described (222), merely 
by the influence of artificial magnets on the bundle of soft 
iron wires within the helix, without the aid of any primary 
current or coil whatever. Mr. Henley has in fact already 
applied this principle to the purpose of a magneto-electrical 
telegraph ; so far this question may probably be a fruitful 
aource of new discoveries in this branch of voltaic electricity. 

* Expt. researches (18). 
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CHAPTER Till. 

Concluding Eemarks — ^The question of au Animal Electricity further con- 
sidered—Grounds for supposing that Animal Life is more or less 
associated with Electro-motive or Current Force — ^Discoveries of 
Nobili and Matteucci — Electrical Organs of the Torpedo and G^ymnotus 
— Researches of M. du Bois Eeymond — Application of the Voltaic 
Apparatus to practical pui-poses briefly noticed. 

226. Although the researches of Volta, and his fine 
discovery of the galvanic pile were quite conclusive as to the 
cause of the spasmodic and other muscular contractions 
observed by Galvani to occur in the limbs of a recently 
dissected frog when exposed to the influence of metallic 
electricity (4), still the great question of an inherent vital 
electricity in animals, and other organised living structures, 
demands especial investigation. The source of animal life, 
and the actual nature of what we term the vital principle, is 
doubtless one of those mysterious and wondrous operations 
of nature in all probability past human comprehension. It 
is however permitted to us to pursue a line of approximative 
research, which may at least enable us to better appreciate 
the phenomena of this truly awful element of existence, or 
at least the agencies through which its operations are made 
manifest. 

The more recent discoveries in voltaic electricity, the 
nature and laws of what we have termed current progressive 
force (24), to say nothing of the great perfection of delicate 
instruments by which such forces may be traced and 
estimated, and the least possible amount of galvanic action 
.detected, would necessarily tend to resuscitate the long 
dormant question of an " animal electricity," although under 
a form differing in some degree from that propounded by 
Galvani (5). 

227. Philosophers from the earliest periods of elacfcriS^iL 
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discovery, appear to have entertained somewhat vague specu- 
lations, of a very general character, as to the electrical origin 
of the vital principle : the brain and nervous system, as may 
be readily imagined, would be referred to as the more imme- 
diate .materia organs through which physical is linked to 
metaphysical existence ; and that too by the circulation of an 
hypothetical element, termed the "nervous fluid," employed 
in giving vitality to every part of the animal frame. The elec- 
trical powers of the torpedo, and other fish (1), have been 
quoted as collateral evidence of the existence of such a prin- 
ciple of animal life, and of its being no other than the elec- 
trical agency itself; an idea further countenanced by the expe- 
riments and views of Galvani ; moreover, in the gymnotus 
and torpedo, and other electrical fish, we observe a voluntary 
power of originating progressive current force, through a 
series of organs similar in their physical character to that ot 
the voltaic circle, or of the voltaic pile. So far, therefore, 
the notion that there may exist in the animal economy a 
power of determining, or otherwise of originating, electrical 
current power through nervous and muscular structure, and 
thereby supplying a kind of vital stimulus to the various 
parts of the animal frame, may be conceived to obtain some 
little countenance. "Whatever may be the nature of the 
link which ties together in some way nervous power and 
current action, it is clear that the electrical functions of the 
torpedo and gymnotus show the disengagement of electri- 
city by a nervous current ; as observed by Faraday, we here 
see nervous power transformed into electrical force. 

228. The brain and spinal cord, as just observed, would 
necessarily be the material organs' referred to as the 
source of this power, the brain, more especially in the 
human race and higher orders of animals, would be the 
great active centre of such a power. Accordingly, many 
profound writers * have ventured on considering the brain 
as an electrical pile constantly in action, which may be 

* Hersclieirs Discourse : Dr. Amott's Elements of Physics. 
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conceived to discharge itself at regular intervals, whenever 
the tension of what maj be viewed as its charge surpassed a 
certain point, as in the case of the electrical unit jar ;* then, 
supposing that at each discharge a given amount of vital 
stimulus became transmitted as current force through the 
nerves, there might arise all the vast variety of physiological 
effects observable in the animal economy: the heart, for 
example, might be kept continually pulsating, as in the 
vibrating pendulum of the electrical column (49), fig. 20. 
Various secretions might arise out of decomposition, 
recomposition, and transfer, as already explained in treating 
of the chemical effects of the pile (137), Chap. V., and 
other vital operations effected requisite to physical exist- 
ence. Benoit Mojon has endeavoured to show experi- 
mentally, that the different animal fluids are separated from 
the glandular system by means of an electrical agency 
existing either in the glands themselves, or in the blood 
which flows through them, and the nerves with which they 
are furnished. Further, we may conceive the operation of 
a species of electrical inductive force,t to extend to dyna- 
mical as well as statical electricity, thus giving origin to 
an especial class of sympathetic affections between one 
organised animal system and another; and in this way 
bringing about many of those extraordinary effects so 
strongly insisted on by those who maintain the existence 
of Mesmeric influences, as also of other effects peculiar to 
the many curious aberrations in the nervous system so 
frequently alluded to in our medical journals. Although 
we should undoubtedly be very cautious of these hypothe- 
tical speculations, more especially in a field in which the 
imagination has such an unlimited room to rove, yet, 
under the due restraint of observation and experiment, 
such speculations may not eventually be altogether impro- 
fitable ; and we should wisely remember, in giving attention 

* Rudimentary Electricity (93), p. 105. 
t Rudimentary Electricity (20), p. 15. 



200 BTTDIMENTABX QALTANISM. 

to a well authenticated statement of extraordinary and 
remarkable phenomena of animal life, that there are '' many- 
things in heaven and earth little dreamt of in our philo- 
sophy." It is worthy of remark, that almost every 
cultitivator of this department of science has been 
impressed with the notion, that electromotive force is an 
element of animal life, and that this power is closely 
associated with the brain, the spinal cord, and the nervous 
system. 

229. Much light has been recently thrown upon the 
question of animal current force, and the eidstence of what 
may be called an animal electricity, by the beautiful and 
interesting researches of Nobili, Matteucci, and Du Bois 
Beymond. Animal electricity had quite disappeared as a 
recognised branch of science for nearly a quarter of a cen- 
tury, when Nobili, in 1827, detected a current action in 
the frog capable of deflecting the magnetic needle (96). 
When the spinal column of a frog is made to touch a solu- 
tion of salt contained in a glass cup, and the feet immersed 
at the same time in a similar solution, contained in a second 
cup, the limbs are observed to contract immediately; the 
two cups are connected by moistened cotton, as in Exp. 20 
(159), fig. 63. If an extremely delicate rheoscope (100) be 
included in the circuit, the needle becomes deflected, and in 
such way as to indicate a current from the feet to the head 
of the animal ; that is, from the muscle to the nerve. This 
current has been more especially designated by the term, 
"frog current.'* It appears by Nobili's researches to be 
permanent ; that is, it maintains a constant deflection of the 
vheoscope in a closed circuit (96) ; the action is increased 
when several frogs are included in the battery arrangement. 

230. Matteucci, considering that both heat and light are 
evolved in the organisation of living animals, through the 
agency of certain chemical actions, thought it would be a 
sort of physical anomaly, if electricity were not also evolved 

under conditiona favourable to its development. The 
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following easy experiment, resorted to by this celebrated 
physiologist, proves the existence of an electrical current at 
the instant of connecting two different portions of an 
exposed muscular portion of a living animal. 

Exp. 37. Having made an incision in the pectoral muscle 
of a pigeon, and carefully removed the integuments, intro- 
duce a filament of the nerve of the rheoscopic frog (67) into 
the bottom of the incision, and let another filament touch 
the surface of the muscle ; the muscles of the frog imme- 
diately evince the presence of an electrical current through 
the nerves. Matteucci calls this a muscular current, it is 
observable in all animals, and is sensible to the galvanometer 
when delicately constructed. This current is also pro- 
ducible by means of a muscular pile made up of muscular 
portions of the lower limbs of the frog, or the muscles of 
other animals of different classes ; this muscular current is 
found to be more feeble in the muscles of animals elevated 
in the scale of beings. Frogs and fish evince the presence 
of a current several hours after death, but in the mam- 
malia and birds no current arises a few .moments after life is 
extinct. The source of this current has been referred to the 
chemical action of the nutrition existing in the muscle ; the 
blood, charged with oxygen, in contact with the fibre, con- 
stitute the elements of a pile, and correspond with the acid 
solution and zinc of the ordinary apparatus. 

231. It may not perhaps be undesirable to refer here 
more especially than has been hitherto done, to the elec- 
trical organisation of the torpedo, and other of the electrical 
fish. "We have already seen (1), that the two opposite 
surfaces of the body of the torpedo are the electrodes or 
poles of the electrical organs with which this animal is 
furnished, so that the greatest shock arises on touching the 
back and belly of the fish. The rheoscopic limb of the frog 
(67), placed on the body of the torpedo, evinces powerful 
contractions at each shock, and will even do so at some 
considerable distance, provided the fish be placed on a wet 
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cloth, evidently showing, as in Gulrani's original observa- 
tion (5), the presence of electricity. The direction of the 
current, which thus gives origin to the numbing sensation 
experienced on touching the torpedo, is from the back to the 
belly of the fish, and proceeds from two peculiar organs 
found on each side of the head and gills, extending to the 
great fin and cartilage below the thorax or chest. These 
organs are composed of several hundred prismatic masses, 
set closely together like millet-seed, and consist of small 
hexagonal or pentagonal columns placed side by side ; the 
entire organ resembles the cells of a honeycomb; the 
columns are arranged vertically, and are supplied with a 
profuse ramification of large nerves. The honeycomb cells 
are filled with a dense fluid, consisting of water, albumen, 
and a small portion of common salt. Volta considered this 
structure as a perfect electromotive pile, which the animal 
rendered active at will, by compressing the columnar 
structure, and establishing contacts with the fluid of the 
Pig^ 32. apparatus and the skin. 

The annexed diagram (fig. 
82) will serve to convey 
some notion of the torpedo. 
In this diagram a h and c d 
are the exposed electrical 
organs. 

232. The shocks pro- 
duced by these organs ap- 
pear to be under the control 
of the animal, through the 
medium of a certain portion 
of the brain. If we touch 
some portions of the brain, 
no shock ensues ; but there is one portion, termed by 
Matteucci the " electrical lobe," which on being touched 
excites the electrical organs, and affects them either on 
^Jie rigbt or left side, according with the corresponding 
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side of the lobe touched. We maj remoye all the other 
lobes of the brain without disturbance of the eiectxicak 
functions ; but if this fourth lobe be torn or destroyed, then 
the numbing power of this wonderful fish is no longer 
apparent. The annexed fig. 83 is a diagram of the brain of 
the torpedo, in which o is the cerebrum, o the optic lobes, 
B the cerebellum, and e the fourth or electrical lobe, upon 
which the power of the fish is dependent. 

233. Almost the whole of the gymnotus (2) is Fig. 83. 
organ. The vital parts of the fish, that is to say 
all the viscera, being packed close behind the 
head. The upper part of the rest of the body 
consists of back bone and muscles, below which, 
extending for about two-thirds of the diameter of 
and the body, is the numbing apparatus; this 
consists of two pairs of cellular columns— one pair 
on each side — a larger and smaller, they are placed one over 
the other. The small animal portion of the fish is so con- 
trived as to support and sustain this great electrical organ ; 
the cellular structure of which it consists is simple, being a 
series of long septa or flat partition membranes, crossed by 
thin membranous plates, there is a regular series of these 
transverse plates extending from end to end between the 
longitudinal septa ; Hunter counted no less than 240 to the 
inch, so that what may be considered as the electrical surface 
is vastly multiplied. The organs diminish toward the tail of 
the fish, and constitute an extremely powerful apparatus for 
offensive or defensive purposes. About five kinds of these 
electrical fish have been discovered; and a species ci 
electrical organ has been further -detected by Dr. Stark 
in the teil of the common skate.* The following fig. 84, which 
is also a mere diagram, may be useful in affording some 
notion of the structure of the gymnotus, as just described. 
In this diagram the small portion K represents the head and 
body of the fish ; a is the small and h the large electrical 
♦ Bdinb. Phil. Journal, July, 1855. 
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organ of one side, placed one over the other, and extending 
from the head downward to the tail. 



Fig. 84. 




234. It would appear then, from these facts, that although 
no immediate and direct electrical organs, such as we have 
described, have been found in the higher orders of animals, 
yet it is not impossible but that other kinds of organised 
structures possessed by them, may be susceptible of electrical 
excitation of a modified kind, of vast influence in the animal 
economy; and we have yet to learn, how far the many 
wonderful impressions made by various feelings of the mind 
upon the whole animal frame may not originate, and be pro- 
pagated through, the medium of the brain and the nervous 
system, either by voluntary or involuntary action, much in 
the same way as the electrical lobe of the brain of the 
torpedo gives energy to its electrical organs. According to 
Mr. A. Smee, F.E.S., who has recently published an inte- 
resting, although somewhat speculative work relative- to 
this subject, man is a mere bundle of voltaic mechanism. 
"What we term life is virtually a series of changes of various 
kinds and forms in the matter of which he consists — such, 
for example, as nutrition, assimilation, growth, reception of 
impressions, together with the action of the senses, of 
memory, reason, thought, &c. Life is no independent 
reality, apart from organisation. "We have here to study- 
forms of voltaic combination consisting of membranes and 
fluids. In animals we trace the existence of a central and 
peripheral parenchyma supplied with bright arterial blood, 
and a connection between the two composed of nervous 
fibre. The central parenchyma constitutes the brain in the 
higher animals, and the ganglia in the lower. The peri- 
pberal parenchjmsk comprise the organs of sensation and 
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motion. By this apparatus we receive impressions from the 
external world, and transmit them to the brain which 
registers and combines them.* 

235. "We are indebted to M. Du Bois Eeymond for a large 
amount of new and valuable information relative to this 
most interesting question, of what may be termed electrical 
vitality. This philosopher having observed that the rheoscopic 
limb of the prepared frog (67) is only affected at the instant 
of making or breaking the current force, was led to infer 
that the muscular contractions depend more immediately on 
variations in the strength of the current ; under currents of 
uniform force the animal fibre is tranquil, hence the excita- 
tion of the motor nerves depends on variations in the current 
power from one instant to another — the excitation being 
greater the more rapidly or suddenly such variations take 
place. Sensient nerves, on the contrary, are not only affected 
by changes in the current, but continue to be affected 
during its continuance. M. Du Bois Eeymond has shown, 
by a delicate and capital series of experiments, that the frog 
current (230), is really identical with a muscular current 
common to the muscles of all animals, and which he has 
made evident through the instrumentality of his beautiful 
rheoscope (100). When contacts are made with different 
points of portions of the muscles of recently-killed animals, 
the needle almost invariably indicates the presence of 
current electrical force, more especially when the instrument 
is under the influence of contact with a transverse and 
longitudinal section of a muscle. Similar results ensue 
when transverse and longitudinal portions of a nerve are 
brought to operate upon the rheoscope in a similar way. 

236. It has been inferred from these very delicate and 
beautiful experimental researches, that the brain, spinal 
cord, and nerves, together with the muscles of animals 
generally, are all endowed with electromotive power; the 
longitudinal sections of the muscles and nerves being 

* Elements of Electro-Biology. ^ 
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positiye, and the transverse sections negative; that the 
currents thus artificially observed, are to be considered only 
as portions of more intense currents circulating in 1^ 
interior of the general muscular and nervous system of the 
animal. 

237. Although M. Du Bois Beymond's investigations are 
most fully entitled to the confidence of the scientific world, 
from the surprising skill and care with which his experiments 
have been conducted, yet the student should understand 
that nothing short of a similar perfect manipulation will 
enable him to pursue experimentally this very interesting 
and exciting question relative to the connection subsisting 
between vitality and electromotive power. 

In the employment of the rheoscope (100), the electrodes 
leading to the coil should consist of plates of platinum, and 
it is further essential that these plates be perfectly homo- 
geneous, the least difference in them will alone cause current 
force sufficient to influence the needle, so that we require to 
be as much on our guard in such experiments against de- 
ception as in the use of the electrical condenser and doubler 
(66). The precautions of M. Du Bois Eeymond to avoid 
errors in his experiments were almost unlimited. The 
platinum plates were first cleansed with alcohol and sul« 
phuric ether ; then they were washed clean in nitro-mmiatie 
acid, then in distilled water, lastly they were heated to 
incandescence. 

238. His mode of using the rheoscope is as follows: — Plati* 
num plates duly prepared being placed in communication with 
each extremity of the coil, are covered with blotting-paper 
up to the intended line of immersion, and plunged miMlfop- 
neoTisly into opposite vessels of porcelain or glass, filled 
with a saturated solution of common salt, the circoifr is 
completed between these vessels through the mediiim ci 
cushions made of fine layers of blotting-paper saturated with 
the salt solution ; these cushions rest upon the edges <tf tiie 

glasa veaaela, and also upon little blocks of wood within ; 
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the portion of muscular fibre, or other animal part, the 
subject of experiment, is placed between these cushions 
which project a little beyond the glass.* 

239. Such appears to be the present and more recent state 
of the question of animal electricity as compared with the 
views first entertained; and which certainly entitle it to 
high consideration as a branch of experimental science upon 
other theoretical grounds than those so summarily disposed 
of by the experiments and researches of Volta. 

240. Having thus far discussed and explained the general 
phenomena of galvanic and voltaic electricity, and traced the 
march of this most important branch of physics from the 
time of its earliest history to the present day, it now only 
remains to advert briefly to some of those astonishing appli- 
cations of its principles to the' great practical purposes of 
civilised life. The first to be noticed, and certainly the 
most astounding in extent, is the application of current 
magnetic force (194) in the transmission of information and 
thought, through almost unlimited distance, and by which 
the most remote portions of our globe are likely to become 
placed, as it were, in speaking communication with each 
other. This application of current force to telegraphic 
communication rests, as may be at once perceived, on the 
general principles and phenomena treated of in Chapter VII. 
Electro-magnetic currents transmitted between the opposite 
poles of the pile through conjunctive wires of enormous 
extent, are employed to deflect magnetic needles at a dis- 
tance of hundreds of miles, so as to be available as alpha- 
betical signals determinable by the direction in which the 
needles are deflected (200). By a rheotomic arrangement 
<106), the actual letters of the alphabet may be brought 
under the eye of a person, from almost any distance, and the 
transmitted communication at once printed off and recorded. 

* The reader will find a minute description of the whole process of 
maniptdation, in a valuable little work by H. Bence Jones, M.D., 
F.B>.S., &c. ^ 
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Such is the extent to which this practical application of the 
power of the pile is now being carried out, that telegraphic 
submarine cables are laid down and in successful operation 
across various straits and seas, and will, in all probability, ere 
long, traverse the bed of the great Atlantic from the west 
coast of Ireland to the mouth of the St. Lawrence. These 
conjunctive wires are seen stretched between standard posts 
along our lines of railway, and are, of course, familiar to every 
traveller. They extend from station to station between the 
poles of voltaic batteries in each, and are so arranged as to 
admit of the current passing forward and backward between 
any required points. It is only requisite, as may be iiiferred 
from the phenomena of the circuit (96), that the line of 
conduction be complete in all its parts, so that the cur- 
rent may be enabled to set out, as it were, from one pole 
of the battery, and, after circulating by means of the con- 
junctive wire through any distant station, return to the 
other pole. "When the wires are sustained in the air, as in 
the telegraphic arrangements of the railways, the return part 
of the circuit is effected by the agency of the ground or 
earth, which is found sufficiently conducting for that pur- 
pose. The voltaic batteries commonly employed in this 
country are for the most part such as we have described 
(68) (72), being common Cruickshanks' or WoUaston's 
Batteries, with amalgamated zinc plates. They are made 
active by filling the cells with fine sand, saturated with dilute 
sulphuric acid. The conjunctive or conducting wires are 
usually of iron, coated with zinc, and, as just observed, are 
either supported on insulating posts in the air, or otherwise 
encased in gutta percha, or other effectually insulating sub- 
stance ; and, being duly protected, are carried under ground 
or over the bed of the sea. The great transmarine telegraphic 
cables consist of bundles of conjunctive wires of enormous 
length, each wire being enveloped in a thick covering of 
gutta percha, and protected from derangement by incorpo- 
ration with a stout cable of iron wire. Thus sufficient 
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strength is obtamed to resist the operation of the mechanical 
forces to which such a cable, in various ways, is necessarily 
exposed. The public are indebted to Messrs. Kewall & Co. 
for this fine electro-mechanical arrangement. By means of 
these cables, the English and Irish channels, and a great 
number of other straits and seas, are already successfully 
crossed by telegraphic communication, and there is little 
doubt, before many years elapse, but that Europe will be tele- 
graphically united with the African continent through the 
Mediterranean islands, and eventually with India and the 
great Ameri5an continent, so that its capital cities will 
receive or transmit information from one to the other, and 
extend their communication to the most remote parts of our 
globe. 

The mechanical arrangements by which these several com- 
munications are finally perfected and carried out, will be 
found of the most interesting and beautiful description. Sy 
the rheotrope arrangement (211), the agent who transmits 
the signals at our railway stations can turn the current in 
any required direction, so as to traverse what is termed for 
distinction's sake the "upjine" or the "down line," either 
to any given station, or through the entire length of the 
whole extent of the circuit, or he can suspend or transmit 
the current at given intervals of time ; moreover, he can, by 
means of the same mechanical arrangement, set in motion an 
alarm apparatus, through the instrumentality of an attractive 
force, developed by electro-magnetic action at the given 
distance in soft iron, and by which the attention of persons 
at a given station is immediately called to the approach of 
signals through the magnetic needles to be deflected by the 
electro-magnetic multiplier in certain directions (96) ; being 
the alphabet and language in which the telegraphic message 
or information is virtually written. 

241. It would be an ungrateful omission in any notice of 
electro-telegraphy, however brief, not to acknowledge the deep 
obligation we are under to Professor Wheatstone, E. E. S., 
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tlirough whose great exertions and fine researclies and 
inventions at King's College, London, we mainlj owe the 
present advanced state of tins wonderftd application of 
current force. Before a mile of telegraphic communication 
had been ever laid down in this country, Wheatstone had 
proved the possibility of transmitting signals through many 
miles of conjunctive wire ; had shown how, by a rheotomic 
apparatus, any given word might be spelled by successive 
letters, and brought under the eye of a person at a distance, 
had contrived the distant alarum set in motion by electro- 
magnetic action, and had, in fact, developed and laid down 
all those great practical elements upon which telegraphic 
communication through the agency of the voltaic apparatus 
is so entirely dependent. Many other persons there are, 
undoubtedly entitled to a large share of public gratitude in 
the further prosecution of this department of practical 
science, as may be seen in the many ingenious mechanical 
arrangements of Cook and others; still, however, we are 
obliged to confess that the great first step in electro- 
telegraphy in this country originated with Wheatstone in 
the precincts of King's College. 

242. The operation of current force in magnetising iron 
and other metals, and the disappearance of the induced 
magnetic state directly the current ceases (203), has been 
further applied as a source of mechanical power in the 
construction of electro-magnetic machines or engines. Such 
machines depend on a rapid change of polarity in masses of 
iron surrounded by spiral coils (211), by which they are 
caused to alternately attract and repel other electro-magnets; 
or otherwise by a rapid magnetising and demagnetising of 
iron in a similar way without any change of polarity, and 
by which an attractive force is brought to bear upon other 
masses of iron, the attraction being operative in pulling 
them forward, but no longer. In either case the moveable 
masses are fixed to the circumference of a wheel, and the 
wheel is so placed as to admit of the action of the force 
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upon the extremities of the radii, hj which a rotatory 
motion is obtained. 

243. The chemical powers of the pile (137) have been also 
productive of very wonderful results, more especially in their 
application to the arts and to the purposes of civilised life. 
Electro-metallurgy, comprising the processes of electrotyping, 
electro-plating, and gilding, is a branch of practical science 
of the utmost value. These processes, as may be inferred 
from the phenomena of metallic deposit abeady illustrated? 
(146) Exp. 18, are based upon the reduction of metals from 
solution by secondary action. The idea, however, of giving 
to the metals so reduced, a certain form and character, is of 
comparatively recent date, and originated with Jacobi of 
St. Petersburg, and Mr. Spencer of this country. "We see 
in the operation of a Daniell's battery (76) with what 
rapidity copper is deposited at the cathode out of the liquid 
solution by which the battery is rendered active. Now, 
when metals are so deposited under certain conditions, the 
deposited metal assumes with astonishing exactitude the 
form of any body upon which it settles, and hence becomes 
moulded as it were to the given substance with so much 
fidelity as to become identical with it after removal. The 
art of thus producing copies of coins, medals, &c., in metallic 
deposit has been termed on the Continent " Gralvanoplastic," 
or in this country ** Electrotype." By this ingenious art, 
faithful copies in metal, of statues, bas-reliefs, medals, 
medallions, &c., are successfully obtained. Great difficulties 
would at first necessarily arise in the progress of such an 
art ; very refined means of detaching the deposited metal 
without damage would be requisite, as also for the formation 
of moulds of various kinds, and the production of faithful 
imprints of the given subject ; all these difficulties, however, 
have been so completely met, as to enable us to obtain in' 
metallic relief exact imitations of the finest works of art as 
may be seen in almost every public museum. If, for example, 
we would copy a fine medal, we may impress it upon a raaxvL^ 



212 BUDIMENTABT GALTAlflSM. 

of some sofc substance, such as wax, sulphur, or plaster, and 
then, having brushed over the mould with a little black-lead 
wetted with rectified spirit to render it sufficiently con- 
ducting, we proceed to immerse it in a metallic solution 
under the influence of the negative pole of the volfcaic appa- 
ratus (162). In a short time the mould becomes covered 
with metal, which being allowed to deposit up to a given 
thickness, is removed without much difficulty, and we have 
the impression required. Such is one of the means employed 
in the application of the voltaic apparatus to this kind of 
metallurgy. 

When, instead of the metal being removed after deposit, 
we desire it to remain, so as to cover the given mould with 
a new and permanent surface, we arrive at the valuable arts 
termed "electro-plating," "electro-gilding," &c., by which 
the inferior metals virtually acquire all the practical value of 
silver or gold. In this way articles of domestic use, such 
as tea-urns, tea-pots, &c., or otherwise baskets, branches, &c., 
being first formed of an inferior metal after a given pattern, 
may receive a surfiace of silver, finally constituting an 
article as efficient and of as much practical value as 
the same in entire silver. The Messrs. Elkington, of Bir- 
mingham, have been especially fortunate in perfecting this 
process, and have, in consequence, obtained patent rights 
for their methods of manipulation. 

Any metal may be covered with another metal, through 
this wonderful agency of the voltaic apparatus, so that 
articles manufactured of wrought or cast iron, may receive 
an exterior close coating of zinc or copper, — even common 
cloth may be coated on one side with metal. 

244. It would be foreign to the purposes of a Hudimen- 
tary Treatise such as this to enter into the details of this 
'branch of practical science, together with all its various 
ramifications ; we can only call attention in a summary and 
general way to the results arrived at, and the principles 
from which they][are derived ; we must, therefore, be content 
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in concluding our notice of electro-metallurgy with a brief 
allusion to the recent arts of" galvanography " and " electro- 
etching." In " galvanography," plates fit for printing from 
are obtained by writing with varnish on a metallic surface 
and then depositing copper on it, so as to cover the given 
lines. In "electro-etching," the design is traced on a 
metallic plate through an etching ground of varnish — the 
back of the plate is likewise covered with varnish. The 
plate is then immersed in what is called a decomposition 
cell, containing a liquid solution, which, under the influence 
of the voltaic battery, can act on the lines of exposed 
metal. Thus we may etch on iron with a solution of 
common salt ; on silver with a solution of sulphate of silver, 
and so on. The experiment is so disposed, and the con- 
nections with the electrodes of the battery are such as to 
effect the etching at the anode, that is at the positive side 
of the apparatus. 

245. The art of dyeing, we may further observe, has also 
received singular assistance from the chemical powers of the 
pile, as may be seen in the process of dyeing in figures upon 
cloth, constituting a species of electro-calico-printing. In 
this process, the required pattern is engraved on a metallic 
block, and the cloth wetted with a weak acid solution. The 
cloth is then placed on a sheet of tin-foil, or other conduct- 
ing surface. The metallic block is now connected with the 
positive electrode of the apparatus, and the tinfoil with the 
negative electrode : directly the engraved metal-block touches 
the acidulated cloth, the exposed portions of its metallic 
surface are dissolved and incorporated with the cloth, thereby 
impressing on it the given pattern in metallic solution ; the 
impressed pattern is now passed into the ordinary chemical 
re-agents or dyeing liquid, and we have the required colour 
produced. Thus if the metal be iron, and the cloth wetted with 
dilute muriatic acid, we have the pattern deposited in muriate 
of iron, which if subsequently passed into a bath of prussiate 
of potassa, will produce a pattern of a beautiful blue coloiu^. 
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246. The heating powers of the pile (166), Chap. VI., 
do not appear to have been as yet successfully applied to 
any great practical end, except as a means of blasting rocks, 
or of obtaining distant explosions of inflammable matter 
either on land or under water. This is effected by passing 
an extremely fine and short piece of platinum wire through 
the body of the charge contained in a water-tight cartridge. 
When the current is caused to pass through the cartridge 
by any of the conjunctive wire arrangements already 
noticed (240), the fine wire glows with a red heat (169), 
and immediately sets fire to the charge. 

It is by no means improbable, but that some great 
advance may yet attend future discoveries in the application 
- of this power of the pile to the ordinary purposes of life. 
"We have seen, for example (169), Exp. 26, that water may 
be made to boil through the instrumentality of a metallic 
wire passed through the vessel in which the water is con- 
tained, the wire being heated by the voltaic discharge. 
Steam can certainly be thus generated without the aid of 
common fuel, and may be the germ of some expanded 
process leading to vast practical consequences. The heating 
powers of the pile have been also usefully applied as a 
means of scientific research and the fusion of rare and un- 
tractable metals in small fragments (166). Valuable ap- 
proaches have been also made in the application of the 
heat and light evolved by charcoal points to the lighting of 
streets and public buildings, based upon the experiments 
before given (119), (166). 

247. Finally, we have to notice the application of gaLvanic 
electricity to the cure of disease, from which, considering 
the great chemical and other extraordinary powers of the 
voltaic apparatus, we should expect to derive most important 
consequences. In this application of the pile, however, we 
have certainly not as yet obtained that marked success 
which might be reasonably anticipated. Both common and 
voltaic electricity appear to possess no specific power as 
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medical agents beyond that of local or general stimulants. 
If the voltaic current could be directly applied to the 
excitation of nervous power (134), it is certainly possible 
that, under judicious management, some ^-dvantage may 
result, more especially in cases of suspended animation, as 
abeady observed (136) ; and it is, perhaps, more than pro- 
bable that future researches may yet develop methods of 
application of this agency in the mitigation or cure of diseases 
as yet little contemplated. The present modes of applica- 
tion consist principally either in the direct action of the 
ordinary battery, as before explained (135), or otherwise in 
the operation of secondary action through the instru- 
mentality of coil machines (222), which are so contrived as 
to regulate the power of the current force to any required 
degree, and for which Hearder's medical machine (222) is 
especially adapted. "We are thus enabled to transmit 
current action between any two given points of the surface 
of the animal body, in the direction of certain nerves or 
muscles, or in the direction of the organs more especially 
connected with existence. As already stated, however, we 
have as yet to encounter a most patient and energetic 
course of experimental inquiry before we can hope to derive 
much real advantage from voltaic electricity as a medical 
agent. 



THE END. 
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franchise may be extended and the system of government beeome more mider 
the influence of public opinion. 

The scholastic application of these volumes has noibeen overlooked, and a 
comparison of the text with the examinations for degrees given, will show their 
applicability to the course of historic study pursued in the Univenities of 
Cambridge and London* 

1, 2. Ck>NSTiTUTiONAL HiSTORT OF ENGLAND, 2 volflL,by W. D. Hamilton 2i. 

3, 4. — DOWN 10 YicxoRiA, by th0 

same , ^ 

5. Outline of the History of Greece, by the same • . • • U. 

6. — TO ITS becoming A RoMAK 

Province, by the same . , ,ij^ ^ 

7. OuTUNB History of Rome • • • « • • Ia 

. t. — ——._—_ TO THE DiCUMS . i : ,1 Jj, (ML 
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BUDIMENTABT WOBKS« 

9, 10. A Crronoloot of Citil and Ecclbsustioal Hisio&t, Liteba- 
TURK, Science, and Art, from the earliest time to » late period, 
2 Tola., by Edward Law. J^t.6d, 

11. Grammar of the English Language, for use in Schoola and for 

Priyate Instruction, by Hyde Clarke, Esq., D.C.L. , . • If. 

12, 13. DiciioNART OP THE ENGLISH LANGUAGE. A new and compressed 
Dictionary of the English Tongue, as Spoken and Written, including 
above 100,000 words, or 50,000 m6re than in any existing worli^ 
and including 10,000 additional Meanings of Old Words, 2 vols, 
in 1, by the same d«« 6<£. 

14. Grammar of the Greek Language, by H. C. Hamilton . . li. 

15, 16. DiCnONART OF THE GrEEK AND ENGLISH LANGUAGES, by H. R. 

Hamilton, 2 toIs. in 1 2f. 

17, 18. Engush and Greek Languages, 2 yols. in 1, 

by the same • . . . • 2^. 

19. Grammar of the Latin Language 1«. 

20, 21. Dictionary of the Latin and English Languages . . . 2«. 
22,23. English and Latin Languages . . A8,6d. 

24. Grammar of the French Language, by Dr. Strauss, late Lecturer 

at Be6aD9on 1«* 

25. Dictionary of the French and English Languages, by A. Elwes li.' 

26. English and French Languages, by the same 1$, 6c?. 

27. Grammar of the Italian Language, by the same . . . . 1«. 

28. 29. Dictionary of the Itauan, English, and French Languages, 

by the same 2f. 

30, 31. — — English, French^ and Italian Languages, 

by the same 2«. 

32, 33. . French, Italian, and English Languages, 

by the same . .... . 2r. 

34. Grammar of the Spanish Language, by the same . . . . 1«. 

35, 36. Dictionary of the Spanish and English Languages, by the 

Bume 2r. 

37, 38. — English and Spanish Languages, by the 

same 28, 

39. Grammar of the German Language, by Dr. Strauss . . . 1«. 

40. Classical German Reader, from the best Authors, by the same . 1«. 
41, 42, 43. Dictionaries of the English, German, and French 

Languages, by N. E. S. A. Hamilton, 3 vols. St. 

44, 45. Dictionary of the Hebrew and English and English and 
Hebrkw Languages, containing all the new Biblical and Rabbinical 
words, 2 vols, (together with the Grammar, which may be had 
separately for It.), by Dr. BressUu, Hebrew Professor • 7s, 



SUPPZJIBUUI TART TO THB SERIES* 

Domestic Medicine ; or complete and comprehensive Instructions for Self-aid 
by simple and eflQcient Means for the Preservation and Restoration of 
Health ; originally written by M. Raspail, and now fully traushited and 
adapted to the use of the British public, 1«. 6cL 
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7*. Galvanism, by Sir William Snow Harris ....!«. Gd. 

62. Railways, being vol. ii l^. 

75*. Supplement to Recent and Fossil Shells ..••!«. 6d, 
78*. Rudimentary Treatise on Locomotive .Engines . . • • 1«. 
79*. Atlas to the preceding ; examples of the several Engines in detail, 

4to 3s. 6d, 

82***. On Water Works for the Supply of Towns, 3 vols. . . . 3#- 

86, 87*. Key to the Elements of Algebra It. 6^. 

101*. On Weights and Measures of all Nations ..•!«. (d^ 



THE WORK ON 

BRIDGES OF STONE, IRON, TIMBER, 
AND WIRE. 

In 4 Vols., bound in 3, described in the larger Catalogue of Publications ; to 
which the following is the Supplement^ now completed, entitled 

SUPPLEMENT TO " THE THEORY, PRACTICE, AND 

ARCHITECTURE OF BRIDGES OF STONE, IRON, 

TIMBER, WIRE, AND SUSPENSION," 

In one large Svo volume, with explanatory Text and 68 Plates, compri&ing 
details and measured dimensions, in Parts as follows :-^ 

Parti. ..... 6*. 

^11 6». 

„ III 68. 

„ IV. lOt. 

„ V.&VI 20#. 

Bound in half-morocco, uniform with the larger work, price 2/. 10^., or in a 
different pattern at the same price. 



LIST OP PLATES. 



Cast-iron girder bridge, Ashford, Rye 
and Hastings Railway. 

Details, ditto. 

Eleyation and plan of truss of St. 
Mary's Viaduct^ Cheltenham Rail- 
way. 

Iron road bridge over the Railway at 
Chalk Farm. .^ 



Mr. Fairbaim's hollow-girder bridge 

at Blackburn. 
Watcrford and Limerick Railway truss 

bridge. 
Hol]ow-girder bridge over the River 

Medlock. 
Railway bridge over lagunes of 

Venice. 



NEW LIST OP WOUKS. 



BRIDGES OF STQNE^ &C. 



Viaduct at Beangency, Orleans and 

Tours Railway. 
Oblique cast-iron bridge, on the system 

of M. Polonceau, over the Canal St. 

Denis. 
Blackwall Extension Railway, Com- 
mercial Road bridge. 
Ditto, enlarged elevation pi outside 

girders, with details. 
Ditto, details. 
Ditto, ditto, and sections. 
Ditto, ditto, ditto. 
Richmond and Windsor main line, 

bridge over the Thames. 
Ditto, details. 
Ditto, ditto, and sections. . 
Orleans and Bordeaux Railway bridge. 
Ditto, sections and details. 
Rouen and Havre Railway timber bridge. 
Ditto, details. 
Ditto, ditto, and sections. 
Viaduct of the Valley of Malauncey, 

near Rouen. - 
Hoop-iron suspension bridge over the 

Seine at Suresne, department de la 

Seine. 
Hoop-iron suspension foot bridge at 

Abainville. 
Suspension bridge over the Douro, iron 

wire suspension cables. 
Ditto, details. 
Glasgow and South -Western Railway 

bridge over the water of Ayr. 
Ditto, sections and details. 
Plan of the cities of Ofen and Pesth. 
Sections and soundings of the River 

Danube. 
Longitudinal section of framing. 
No. 1 coffer-dam. 
Transverse framing of coffer-dam. 
Sections of Nos. 2 and 3 of coffer-dam. 
Plan of No. 3 coffer-dam and ice- 
breakers. 
Plan and elevation of the construction 

of the scaffolding, and the manner of 

hoisting the chains. 



Line of soundings, — dam longitudinal 

sections. 
Dam sections. 

Plan and elevation of the Pesth suspen- 
sion bridge. 
Elevation of Nos. 2 and 3 coffer-dams. 
End view of ditto. 
Transverse section of No. 2 ditto. 
Transverse section of coffer-dam, plan 

of the 1st course, and No. 3 pier. 
Vertical section of Nos. 2 and 3 piers, 

showing vertical bond-stones. 
Vertical cross section of ditto. 
Front elevation of Nos. 2 and 3 piers. 
End elevation of ditto. 

Details of chains. Ditto. 

Ditto and plan of nut, bolt, and retain- 

ing-links. 
Plan and elevation of roller-frames. 
Elevation and section of main blocks 

for raising the chains. 
Ditto, longitudinal section of fixtuid« 

pier, showing tunnel for chains. 
Plan and elevation of retaining-plates, 

showing machine for boring holes for 

retaining-bars. 
Retaining link and bar. 
Longitudinal plan and elevation of cast* 

iron beam with truss columns. 
Longitudinal elevation and section of 

trussing, &c. 
Plan of pier at level of footpath. 
Detail of cantilevers for supporting the 

balconies round the towers. 
Elevation and section of cantilevers. 
Detail of key-stone & Hungarian arms. 
Front elevation of toll-houses and wing 

walls. 
Longitudinal elevation of toll-house, 

fixture pier, wing wall, and pedestal. 
Vertical section of retaining-piers. 
Section at end of fixture pier, showing 

chain-holes. 
Lamp and pedestal at entrance of 

bridge. 
Lamp and pedestal at end of wing walls. 



Separately sold from the above in a volume, price half-bound in morocco £1. 12«. 

An ACCOUNT, with Illustrations, of the SUSPENSION 

BRIDGE ACROSS the RIVER DANUBE, 

BY WILLIAM TIERNEY CLARK, C.E., F.R.S. 

fntk Forty Eftgramngu 
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ORBAT BXHIBITION BUILDIMO. 

The BUILDING erected in HYDE PARK for the 

GREAT EXHIBITION of the WORKS of 

INDUSTRY of ALL NATIONS, 1851: 

lUustrated by 28 Urge folding PUtes, embracing plans, eleyations, sections, and 
details, laid down to a large scale from the working drawings of the Contractors, 
Messrs. Fox, Henderson, and Co., by Charles Downes, Architect ; with • 
scientific description by Charles Cowper, C.E. 

In 4 Parts, royal quarto, now complete, price £1. lOs., 
or in cloth boards, lettered, price £1. lis, 6d, 

*^* This work has every measured detail so thoroughly made oat as to enable 
ihe Engineer or Architect to erect a construction of a similar nature, either i 
^ less extensive. 



SIR JOHN RENNIE'S WORK 

ON THE 

THEORY, FORMATION, AND CONSTRUCTION 
OF BRITISH AND FOREIGN HARBOURS. 

Copious explanatory text^ illustrated by numerous examples, 2 Vols., Tery neat 
in half-morocco, £18. 

TTie history of the most ancient maritime nations affords con- 
dusive evidence of the importance which they attached to the 
construction of secure and extensive Harbours, as indispensably 
necessary to the extension of commerce and navigation, and to the 
successful establishment of colonies in distant parts of the globe. 

To this important subject, and more especially with reference to 
the vast extension of our commerce with foreign nations, the atten« 
tion of the British Government has of late years been worthily 
directed; and as this may be reaaonably expected to enhance the 
value of any information which may add to our existing stock of 
knowledge in a department of Civil Engineering as yet but imperfectly 
understood, its contribution at the present time may become generally 
useful to the Engineering Profession. 

The Plates are executed by the best mechanical Engravers ; the Views finely 
engraved under the direction of Mr. Pye : all the Engineering Plates nave duneo* 
sious, with every explanatory detail for professional use. 



NEW LIST OF WORKS. 9 

In octavo, cloth boards, price 9«. 

HYDRAULIC FORMULA. CO-EFFICIENTS, 
AND TABLES, 

For finding the Discharge of Water from Orifices, Notches, Weirs, 
Short Tubes, Diaphragms^ Mouth-pieces^ Pipes, Drains, Streams, 
and Eivers. 

BY JOHN NEVILLE, 

ARCHITECT AND C. E., MEMBER ROYAL IRISH ACADEMY, MEMBER INST. C. B. 

IRELAND, MEMBER GEOLOGICAL 80C. IRELAND, COUNTY SURVEYOR OF 

LOUTH, AND OF THE COUNTY OF THE TOWN OF DROGHEDA. 

This work contains above 150 different hydrauhc formulae (the 
Continental ones reduced to Enghsh measures), and the most ex- 
tensive and accurate Tables yet published for finding the mean 
velocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes, and rivers ; with experimental results and co- 
efficients ; — effects of friction; of the velocity of approach; and of 
curves, bends, contractions, and expansions; — the best form of 
channel; — the drainage effects of long and short weirs, 
AND WEIR-BASINS; — extent of back-water from weirs; contracted 
channels; — catchment basins; — hydrostatic and hydraulic pres- 
sure; — water-power, &c. 



TREDGOLD ON THE STEAM ENGINE. 

Published in 74 Parts, price 2«. 6d. each, in 4to, illustrated by very numerous 
engravings and wood-cuts, a new and much extended edition, now complete in 
3 vols, bound in 4, in elegant half-morocco, price Nine Guineas and a Half. 

THE STEAM ENGINE, 

IN ITS PROGRESSIVE AND PRESENT STATE OF IMPROVEMENT; 

Practically and amply elucidating, in every detail, its modifications 
and applications, its duties and consumption of fuel, vnth an 
investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examples of British and Americaa 
recently constructed engines, with details, drawn to a large scale. 

The well-known and highly appreciated Treatise, Mr. Tredgold's 
national "Work on the Steam Engine, founded on scientific principles 
and compiled from the practice of the best makers — showing also 
easy rules for construction, and for the calculation of its power in 
all cases — has commanded a most extensive sale in the several 
English editions, and in Translations on the Continent. These 
editions being now out o/j^rint, the proprietor has been induced to 
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TREDGOLD ON THE STEAM ENGINE. 

enlarge and extend the present edition hj practical examples of all 
kinds, with the most recent improvements in the construction and 
practical operations of the steam engine hoth at home and abroad. 

The work is divided into the sections named below^ either of 
which may be purchased separately : working engineers will be 
thus enabled to select those portions which more especially apply to 
the objects upon which they may be respectively employed. 

Several scientific men, extensively ana practically employed, have 
contributed original and really practical papers of the utmost utility ; 
by which the value of this extended edition is much increased. A 
' copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, complete, making 
Yol. I. In half. morocco binding, price £2, 12«. 6 J. 

Division B. Marine Engines, British and American, numerous plates and wood- 
cuts, making Vol. 11. ; bound in 2 vols, half-morocco, price £3. IZa, 6<f. 

Division C to G. making Vol. III., and completing the work, comprising 
Stationary Engines, Pumping Engines, Engines for Mills, and several exaniples 
of Boilers employed in the British Steam Navy; in half-morocco, price 
^3. 13«. 6i. 

LIST OF PLATES. 

DIVISION A. — LOCOMOTIVE ENGINES. 

Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Duke, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 
through working gear, transverse 
section and end view of tender ; plan 
and section of feed-pump; plan and 
elevation of hand-pump; details of 
inside framing, centre axle, driving 
axle-box, regulation-valve, centre- 
beam stay, &c. 

Elevation of Crampton's patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections .of ditto. 

Elevation of the Ptracmon 6- wheeled 
goods' engine on the Great Western 
Railway. 

Half-plan of the working gear of ditto. 

Elevation of a portion of the tirorking 
gear of ditto. 

Diagrams, by J. Scwell, L. E., of re- 
sistances per ton of the train ; and 
portion of engines of the class of the 



Great Britain locomotire, includ- 
ing tender, with various loads and at 
various velocities ; also of the ad- 
ditional resistance in tbs. per ton of 
the train, when the engine is loaded, 
to be added to the resistance per ton 
of the engine and tender when un- 
loaded. 

Side and front elevation of an express 
carriage engine, introduced on the 
Eastern Counties Railway by James 
Samuel, C.E., Resident Engineer. 

Longitudinal and cross section of ditto. 

Plan of ditto ; with plan and section of 
cylinders, details and sections, piston 
full size. 

Elevation of the outside-cylinder tank 
engine made by Sharpe Brothers & 
Co., of Manchester, for the Man- 
chester and Birmingham Railway. 

Section of cylinder and other parts, 
and part elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of both ends, with 
sectional parts. 

Mr. Edward Woods* experiments on the 
several sections of old and modem 
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Talves of locomotive engines, — viz. 
fig. 1. stroke commences; fig. 2, 
steam-port open ; fig. 3, steam-port 
open ; fig. 4, steam-port open ; fig. 5, 
stroke completed, steam cut off, 
exhaustion commences ; fig. 6, stroke 
commences; fig. 7, steam-port full 
open ; fig. 8, steam cut off; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-size : 
fig. 1, old valve, -J^inch lap; fig. 2, 
f -inch lap ; fig. 3, f -inch lap ; fig. 4, 
1-inch lap, Gray'^ patent; fig. 5, 
1-inch lap. 

Elevation of a six-wheeled locomotive 
engine and tender, No. 15, con- 
structed by Messrs. Tayleur, Vulcan 
Foundry, Warrington, for the Cale- 
donian Railway. 

Longitudinal section of ditto. 

Plan of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Elevation of Messrs. Robert Stephenson 



and Co.'s six-wheeled patent loco« 
motive engine and tender. 

Longitudinal section of ditto. 

Plan and details of Stephenson's patent 
engine. 

Section of fire-box, section of smoke- 
box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shrewsbury Rail- 
way, constructed by Messrs. Bury, 

" Curtis, and Kennedy, Liverpool. 

'Longitudinal section of ditto. 

Sectional elevation of the smoke-box, & 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plews, adapted for high 
speeds, con3tructed by Messrs. R. & 
W. HavTthorn, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and blast ' 
pipes, &c. 

Plan of ditto. 

Plan of the working gear, details, &c 



Forty 'One plates and fifty-five wood engravings. 



DIVISION B. MARINE ENGINES, &C. 



Two plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam frigate 
Dauntless, constructed by Robert 
Napierj Esq. 

Longitudinal elevation and transverse 
section of ditto. 

Longitudinal section at A B on plan, 
longitudinal section at CD on plan 
of dUtto. 

Engines of H. M. steam ship Terrible, 
constructed by Messrs. Maudslay, 
Sons, and Field, on the double- 
cylinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of 
ditto. 

Plan of engines, showing also bunkers, 
paddles, &c. 



Oscillating engines of the Peninsular 
and Oriental Company's steam vessel 
Ariel, constructed by John Penn 
and Sons. Longitudinal section. 

Section at engines of ditto. 

Section at boiler of ditto. 

Plan at boiler of ditto. 

Section at air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Princess Mary and 
Princess Maude, constructed by 
Maudslay, Sons, and Field. Longi- 
tudinal section. 

Transverse section at engines of ditto. 

Section at boilers of ditto. 

Plan of engines of ditto, showing 
bunkers, paddles, &c. 

Plan of engines of H. M. steam vessel- 
Simoom, constructed by James Watt 
& Co., of London and Soho. 
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Longitudinal section of the Simoom. 

Cross section of ditto. 

En^ne of the Red Rover, side ?iew 
and plan. 

Longitudinal section of ditto. 

Cross sections of ditto. 

Sheer draught and plans of vessel. 

Plan of the engine of H. M. steam frigate 
Ph(bnix. 

Longitudinal section of engine of ditto. 

Cross section of ditto. 

Engine of the Ruby steam vessel, ele- 
vation and plan. 

Sheer draught and plan of vessel. 

Plan of engine of the Wilberforce, 
Hull and London packet. 

Cross section of ditto and vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto. 

Engines of the Berenice, Hon. E. I. 
Co.'s steam vesseL 

Section of ditto. 

Sheer draught and plan, stem view, 
and hodj plan of vesseL 

View of the Berenice, whilst at sea. 

Boilers of H. M. ships Hermes, Spit- 
fire, and Firefly. 

Kingston's valves, as fitted on board 
;sea-going vessels for blow-off injec- 
tion, and hand-pump sea valves. 

Boilers of H. M. -steam vessel African. 

Morgan's paddle-wheels, as fitted in 
H. M. S. Medea. 

Side elevation of ditto. 

Plans of upper and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wheels, 
comparatively. 

Positions of a fioat of a radiating pad- 
dle-wheel in a vessel in motion, and 
positions of a float of a vertically- 
acting wheel in a vessel in motion. 

Cycloidal paddle-wheels.. 

Sailing of steamers in five points from 
courses. 

Experimental steaming and sailing of 
the Caledonia, Vanguard, Asia, 
and Medea. 

Engines of H. M. steam ship MEGiSRA. 

Engine of the steam boat New World, 



T. F. Secor & Co., Engineers, New 
York. Elevation and section. 

Elevations of cylinder and crank ends. 

Steam cylinders, plans, and sectioiis. 

Details. 

Several sections of details. 

Details and sections. 

Details of parts. 

Plans and sections of condenser, bed- 
plates, air-pump bucket, &c. 

Details and sections, injection valves. 

Details, plan and elevation of beams, 
&c. 

Details, sections* of parts, boilers, &c. 
of the steam boat New Wo&ld. 

Sections, details, and paddles. 

Engines of the U.S. mail steamers Ohio 
and Georgia. Longitudinal section. 

Elevations and cross sections of ditto. 

Details of steam-chests, side-pipes, 
valves, and valve gear of ditto. 

Section of valves, and plan of piston of 
ditto. 

Boilers of ditto, sections of ditto. 

Engine of the U. S. steamer Watxh- 
WiTCH. Sectional elevation. 

Steam-chests and cylinders of ditto. 

Boilers, sections, &c. of ditto. 

Boilers of the U.S. steamer Po what Air. 

Front view and sections of ditto. 

Elevation of the Pittsburg and Cin- 
cinnati American packet Bucksyb 
State. 

Bow view, stem view. 

Plan of the Buckeye State. 

Model, &c. of ditto, wheel-house frame, 
cross section at wheel-house, and 
body plan. 

Plan and side elevation of ditto. 

Sheer draught and plan, with the body 
plan, of the U. S. steam frigate 
Saranac. 

Longitudinal section of ditto, cross sec- 
tion. 

Engines of the U. S. steamer Susaus* 
hanna. 

Elevation of the U. S. Pacipig steim 
packet engine. 

Plan of ditto. 

Boilers of ditto, end views. 

Ditto ditto. 



Mghty-five engravings and fifty-one wood-cute. 
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DIVISION C. TO G., FORMING VOL. III. 

STATIONARY ENGINES, PUMPING ENGINES, MARINE BOILERS, &C. 



Side elevation of pumping engine, U. §. 
dock, New York. 

End elevation of ditto. 

Elevation and section of the pumps, 
ditto. — 2 plates. 

Boilers of pumping engines, ditto. 

Boilers, Details, &c. of pumping engines, 
ditto. 

Plan of the hollers, ditto. 

Isometrical projection of a rectangular 
boiler. 

Plan and two sections of a cylindrical 
holler. 

Brunton's apparatus forfeeding furnace- 
fires hy means of machinery. 

Parts of a high-pressure engine with a 
4-passaged cock. 

Section of a douhle-acting condensing 
engine. 

Section of a common atmospheric en- 
gine. 

On the construction of pistons. 

Section of steam pipes and valves. 

Apparatus for opening and closing steam 
passages. 

Parallel motions. — 2 plates. 

Plan and elevation of an atmospheric 
engine. 

Elevation of a single-acting Boulton 
and Watt engine. 

Double-acting engine for raising water. 

Double-acting engine for impelling 
machinery. 

Maudslay's portable condensing engine 
for impelling machinery. 

Indicator for measuring the force of 
steam in the cylinder, and diagrams 
of forms of vessels. 

Section of a steam vessel with its boiler, 
in two parts — diagrams showing fire- 
places —longitudinal section through 
boiler and fire-places. 

Isometrical projection of a steam-boat 
engine. 

Plan and section of a steam-boat engine. 

Ten horse-power engine, constructed 
by W. Fairbaim and Co. — i plates. 

Forty-five horse-power engine, con- 
structed by W. Fairbaim & Co.— 
3 plates. 

Plan and section of boiler for a 20-hone 



engine, at the manufactory of Whit- 
worth & Co., Manchester. 
Messrs. Hague's double-acting cylinder, 

with slides, &c. 
Sixty-five-inch cylinder, erected by 

Maudslay, Sons, and Field, at the 

Chelsea Water-works. — 5 plates. 
Beale's patented rotary engine. 
Double-story boilers of H.M.S. Devas- 
tation, 400 H. P. • 
Refrigerator feed and brine pumps. 
Feed and brine apparatus, as fitted on 

board the West India Royal Mail 

Company's ships. 
Boilers of H. M. steam sloop Basilisk, 

400 IJ. P. 
Boilers of the Singapore, 470 H. P., 

Peninsular and Oriental Company. 
Original double-story boilers of the 

Great Western. 
Telescopic chimney, or sliding funnCi, 

of H. M. ship Hydra, 220 II. P. 
Sea ward's patent brine and feed valves. 
Boilers of H. M. mail packet Undine, 

(Miller, Ravenhill, & Co.) 100 H. P. 
Cross sections of engines of H. M. mail 

packet Undine. 
Longitudinal elevation of ditto. 
Brine-pumps as fitted on board H.M.S. 

Medka, 220 H.P. (Maudslay, Sons, 

and Field.) 
Boilers of H. M. S. Hydra, 220 H. P. 
Plan of the four boilers, with the sup- 
plementary steam-chests and shut-off 

valves, of the Avenger. 
Boilers of H. M. steam ship Niger, 400 

H. P., fitted by Maudslay, Sons, and 

Field. 
Experimental boiler, Woolwich Yard. 
Boilers of H. M. S. Terrible, 800 H.P. 

(Maudslay, Sons, and Field.) 
Boilers of the Minx and Teaser, 100 

H. P. (transferred to Wasp.) 
Boilers of the Sams jn, 450 H. P. 
Daniel's pyrometer, full size. 
Boilers of the Desperate, 400 H. P. 

(Maudslay, So js, and Field.) 
Boilers of the Niger (2nd plate). 
Boilers of H.M.S. Basilisk (2nd 

plate). 
Boilers of the Undivs. 
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Boilers of the Koyal Mail steam ships 
Asia and Africa, 768 H.P., con- 
structed by R. Napier, Glasgow. 

Longitudinal and midship sections of 
ditto. 

Boilers of H.M.S. La Hogub, 450 H.P. 
(Seaward & Co.) 

H.M.S. SiDON, 560 H.P. Plan of 
telescope funnel. 

Boilers of H. M. S. Brisk, 250 H. P. 

Copper boilers for H. M. S. Sans- 
PAREiL, 350 H. P. (James Watt & 
Co.^ 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
of New York, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New York and 
Liverpool line. 

ElcTation of pumping engines of the 
New Orleans Water-works, U. S., ar- 
ranged and drawn by E. W. Smith, 
Engineer, constructed at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gearing , &c. 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel 
in ope-ation at Lowell, Massachusets, 
U. S., by J. B. Francis, C. E. 

Elevation of ditto. Section of ditto. 

Plan of the floats and guide curves, 
ditto. 



Large self-acting surfacing and screw, 
propeller lathe, by Joseph Whitworth 
& Co., Manchester. 

Longitudinal section, showing arrange- 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop*s disc engine, by G. & J. 
Rennie, with details. 

Arrangement of engine-room for engines 
of 60 horse-power, for driving pro- 
pellers of H. M. steam vessels Rey- 
nard and Cruiser, constructed by 
Messrs. Rennie. Longitudinal sec- 
tion and engine-room. 

Ditto. Transverse section at boilers 
and at engines. 

Very elaborate diagrams . showing ex- 
periments and results of various pad« 
die-wheels. — 8 plates. 

Steam flour-mills at Smyrna, con- 
strncted by Messrs. Joyce & Co. 
Double cylinder pendulous condens- 
ing engine, side elevation. 

Side elevation, horizoiftal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transverse section through engine- 
house and mill. 

Boilers, longitudinal and transverse 
sections, front view. 

Section through mill-stones, elevation 
of upper part, section of lower part, 
plan of hopper, &c. 



SUMMARY OF THE ILLUSTRATIONS. 

Vol. L Locomotive Engines 

II. Marine Engines 

III. Stationary Engines, Pumping Engines, Engines 
for Flour-Mills, Examples of Boilers, &c., &c. . 

Total 



Platps. 


Wood-cute. 


41 


55 


85 


51 



100 



226 



58 



104 



FULL-LENGTH PORTRAIT OP 

HENRY CAVENDISH, F.R.S. 

Some few India paper proofs, before the letters, of this celebrated 
Philosopher and Chemist, to be had, price 2«. 6d, 



HINTS 

TO 

YOUNG ARCHITECTS: 

OOMFRISINO . 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARE DESTINED 
TO THE PROFESSION; 

SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL 

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 
ARE ABOUT TO PRACTISE: 

TOOETBEB WITH 

A MODEL SPECIFICATION: 

INVOLVING A GREAT VARIETY OP INSTRUCTIVE AND SUGGESTIVE MATTER* 
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLB 
AGENTS OF THEIR EMPLOYER 

and as the rightful judges op a contractor's duty. 
By QEOEGE WIGHTWICK, Architect. 



coNTEjrra : — 



Preliminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 
On Serving his Time. 
On Travelling. 
His Plate on the Door. 
Orders, Plan-drawing. 
On his Taste, Study of Interiors. 
Interior Arrangements. 
Warming and Ventilating. 
House Building, Stabling. 
Cottages and Villas. 
Mod*»l Specification : — 

General Clauses. 

Foundations. 

Well. 

Artificial Foundations. 

Brickwork. 

Rubble Masonry with Bri<;k 
Mingled. 

Extra cloth boards, price 8f. 



Model Specification : 

Stone-cutting. 

y Grecian or Italian only, 

, Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

Plaster and Cement- work. 

Carpenters' Work. 

Joiners* Work. 

Iron and Metal-work. 

Plumbers' Work. 

Drainage. 

Well-digging. 

Artificial Levels, Concrete, 
Foundations, PiUng and 
Planking, Paving, Vaulting, 
Bell-hanging, Plumbing, and 
Building generally. 
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THE ENGINEER'S AND CONTRACTOR'S 

POCKET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 

REVISED FOE 1855-6. In morocco tuck, price 6s, 

CONTENTS. 



Air, Air in motion (or wind), and wind- 
mills. 

Alloys for bronze ; Miscellaneous alloys 
and compositions; Table of alloys; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1855 and 1856. 

American railroads ; steam vessels. 

Areas of the segments of a circle. 

Armstrong (R.), his experiment on 
boilers. 

Astronomical phenomena. 

Ballasting. 

Barlow's (Mr.) experiments. 

Barrel drains and culverts. 

Bell-hanger's prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys ; Marine. 

Bossut's experiments on the discharge 
of water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts ; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt's (Mr.) agency for the sale of pre- 
served timber. 

Cask and malt gauging. 

Cast-iron binders or joints; Colunins, 
formulae of; Columns or cylinders, 
Table of diameter of; Hollow co- 
lumns, Table of the diameters and 
thickness of metal of; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chairs, tables, weights, &c. 

Chatburn limestone. 

Chimneys, &c., dimensions of. 

Circumferences, &c. of circles. 

Coal, evaporating power of, and results 
of cokmg. 
Columns, cast-iron, weight or pressure 

of, strength o£ 



Comparative values between the pre- 
sent and former measures of capacity. 

Continuous bearing. 

Copper pipes, Table of the weight o^ 
Table of the bore and weight of cocks 
for. 

Copper, weight of a lineal foot of, round 
and square. 

Cornish pumping engines. 

Cotton mill ; Cotton press. 

Current coin of the principal commercial 
countries, with their weight and re- 
lative value in British money. 

Digging, well-sinking, &c. 

Docks, dry, at Greenock. 

Draining by steam power. 

Dredging machinery. 

Dwarf, Table of experiments with 
H. M. screw steam tender. 

Earthwork and embankments, Tables 
of contents, &c. 

Experiments on rectangular bars of 
malleable iron, by Mr. Barlow ; on 
angle and T iron bars. 

Fairbaim v^i^O* o° ^^^ expansive 
action of steam, and a new construe 
tion of expansion valves for condens- 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills. 

Fluids in motion. 

Francis (J. B., of Lowell, Massachusets), 
his water-wheeL 

French measures. 

Friction. 

Fuel, boilers, furnaces, &c. 

Furnaces and boilers. 

Galvanized tie iron sheets in London 
or Liverpool, list of gauges and 
weights of. 

Gas-tubing composition. 

Glynn (Joseph), F. R. S., on tnrbine 
water-wheels. 

Hawksby (Mr., of Nottingham), hii 
experiments on pumping water* 

HeaX, TaUeft ol V\i« «fi[«cta oC 
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Hexagon heads and nuts for bolts, pro- 
portional sizes and weights of. 
Hick's rule for calculating the strength 

of shafts. 
Hodgkinson's (Eaton) experiments. 
Hungerford Bridge. 
Hydraulics. 
Hydrodynamics. 
Hydrostatic press. 
Hydrostatics. 
Imperial standard measures of Great 

Britain; Iron. 
Indian Navy, ships of war, and other 

vessels. 
Institution of Civil Engineers, List of 

Members of the, corrected to March 

15, 1852. 
Iron balls, weight of cast ; bars, angle 

and T, weight of; castings; experi. 

ments; hoop, weight of 10 lineal 
, feet; lock gates; roofs; tubes for 

locomotive and marine boilers; 

weights of rolled iron. 
Ironmonger's prices. 
Just's analysis of Mr. Dixon Robinson's 

limestone. 
Latitudes andlongitudes of the principal 

observatories. 
Lead pipes. Table of the weights of. 
LesUe (J.), CE. 

Lime, mortar, cements, concrete, &c. 
Limestone, analysis of. 
Liquids in motion. 
Locomotive engines; Table shovring 

the speed of an engine. 
Log for a sea-going steamer, form of. 
Machines and tools, prices of. 
Mahogany, experiments made on the 

strength of Honduras. [wheels. 

Mallet's experiments on overshot 
Marine boilers ; engines. 
Masonry and stone-work. 
Massachusets railroads. 
Mensuration, epitome of. 
Metals, lineal expansion of. 
Morin's (Col.) experiments. 
Motion ; motion of water in rivers. 
Nails, weight and length. 
Navies — of the United States ; Indian 

Navy ; Oriental and Peninsular Com- 
pany; British Navy; of Austria; 

Denmark; Naples; Spain; France; 

Germanic Confederation; Holland; 

Portugal; Prussia; Sardinia; Swe- 



den »nd Norway; Turkey; Russia- 
Royal West India Mail Company's 
fleet. 

New York, State of, railroads. 

Numbers, Table of the fourth and fifth 
power of. 

Paddle-wheel steamers. 

Pambour (Count de) and Mr. Parkes' 
experiments on boilers for the pro- . 
duction of steam. 

Peacocke's (R. A.) hydraulic experi- 
ments. 

Pile-driving. 

Pitch of wheels. Table to find the dia- 
meter of a wheel for a given pitch of 
teeth. 

Plastering. 

Playfair (Dr. Lyon). 

Preserved timber. 

Prices for railways, paid by H. M. 
OflSce of Works ; smith and founder's 
work. 

Prony's experiments. 

Proportions of steam engines and boil- 
ers. 

Pumping engines; pumping water by 
steam power. 

Rails, chairs, &c.. Table of. 

Railway, American, statistics; railway 
and building contractor's prices ; car- 
riages. 

Rain, Tables of. 

Rammell's (T. W.) plan and estimate 
for a distributing apparatus by fixed 
pipes and hydrants. 

Rennie's (Mr. Geo.) experiments ; (the 
late J.) estimate. 

Roads, experiments upon carriages tra- 
velling on ordinary roads ; influence 
of the diameter of the wheels ; 
Morin's experiments on the traction 
of carriages, and the destructive ef- 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. 

Roofs ; covering of roofs. 

Ropes, Morin's recent experiments on 
the stiffness of ropes; tarred ropes; 
dry white ropes. 

Saw-mill. 

Screw steamers. 

Sewage manures. 

Sewers, castings for* their estimates, 
&c 



16 



JOHN WEALE'S 



THE ENGINEER S AND CONTRACTOR S POCKET BOOK. 



Signs and abbreiriations used in arith- 
metic and mathematical expressions. 

Slating. 

Sleepers, quantity in cubic feet, &c. 

Smeaton's experiments on wind-mills. 

Smith and founder's prices. 

Specific gravity, Table of. 

Steam dredging; Navigation; Tables 
of the elastic force ; Table of Vessels 
of vrar, of America ; of England ; of 
India ; and of several other maritime 
nations. 

Steel, vireight of round steel. 

Stone, per lb., stone, qr., cwt., and ton, 
&c.. Table of the price. 

Stones. 

Strength of columns; Materials of con- 
struction. 

Sugar-mill. 

Suspension aqueduct over the Alfeghany 
River ; Bridges over ditto. 

Table of experiments with H. M. screw 
steam tender Dwarf ; of gradients ; 
iron roofs; latent heats; paddle- 
wheel steamers of H. M. Service and 
Post-Office Service; pressure of the 
wind moving at given velocities; 
prices of galvanized tinned iron 
tube; specific heats; the cohesive 
power of bodies ; columns, posts, &c., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-vnre rope (A. Smith's), hempen 
rope, and iroq chain ; corresponding 
velocities with heads of water as 
high as 50 ft., in feet and decimals ; 
dimensions of the principal parts of 
marine engines; effects of heat on 
different metals; elastic force of 
steam; expansion and density of 
water; expansion of solids by in- 
creasing the temperature; expan- 
sion of water by heat ; heights cor- 
responding to different velocities, in 
French metres; lineal expansion of 
metals ; motion of water, and quan- 
tities discharged by pipes of dif- 
ferent diameters ; power of metals, 
&c.; pressure, &c., of vnnd-mill sails; 
principal dimensions of 28 merchant 
steamers with screw propellers; of 
steamers with paddle-wheels; pro- 
gKfisive, dilatation of metals by heat, 
&3.; pixoportlon of real to theoretics 



discharge through thin-lipped ori- 
fices; quantities of vmter, in cubic 
feet, discharged over a weir per 
minute, hour, &c.; relative weight 
and strength of ropes and chuns ; 
results of experiments on the friction 
of unctuous surfaces ; scantlings of 
posts of oak ; size and weight of iron 
laths; weight in fts. required to crush 
li-inch cubes of stone, and other 
bodies; weight of a lineal foot of 
cast-iron pipes, in lbs. ; weight of a 
hneal foot of flat bar iron, in ibs. ; 
weight of a lineal foot of square and 
round bar iron ; weight of a super- 
ficial foot of various metals, in lbs. ; 
weight of modules of elasticity of 
various metals ; velocities of paddle- 
wheels of different diameters, in feet 
per minute, and British statute miles, 
per hour ; the dimensions, cost, and 
price per cubic yard, of ten of the 
principal bridges or viaducts built 
for railways ; the height of'the boil- 
ing point at different heights; — to 
find the diameter of a wheel for a 
given pitch of teeth, &c. 

Tables of squares, cubes, square and 
cube roots. 

Teeth of wheels. 

Temperature, the relative indications of, 
by different thermometers. 

Thermometers, Table of comparison of 
different. 

Timber for carpentry and joinery pur- 
poses; Table of the properties of 
different kinds of. 

Tin plates. Table of the weight of. 

Tools and machines, prices of. 

Traction, Morin's experiments on. 

Tredgold's Rules for Hydraulics, from 
Eytelwein's Equation. 

Turbines, Report on, by Joseph Glynn 
and others. 

Values of different materials. 

Water-wheels. 

Watson's (H. H.) analysis of limestone 
from the quarries at Chatburn. 

Weight of angle- and T iron bars; of 
woods. 

Weights and measures. 

West India Royal Mail Company. 

Whitelaw's experiments on turbine 
water-wheeU. 
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White's (Mr., of Cowes) experiments 

on Honduras mahogany. 
Wicksteed's (Thos.) experiments on 

the evaporating power of different 

kinds of coaL 



Wind-mills ; of air, air in motion, &c. 
Woods. 

Wrought iron, prices of. 
Zinc as a material for use in house- 
building. 



In one Volume 8vo, extra cloth, bound, price 9«. 

THE STUDENT'S GUIDE TO THE PRACTICE 

OF DESIGNING, MEASURING, AND VALUING 

ARTIEICERS' WORKS; 

Containing Directions for taking Dimensions^ abstracting the same, 
and bringing the Quantities into Bill ; with Tables of Constants, 
and copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and Slater, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates 
and wood-cuts. 

The Measuring, &c., edited by Edward Dobson, Architect and 
Surveyor. Second Edition, with the additions on Design by 
E. Lacy Garbett, Architect. 

CONTENTS. 



Preliminary Observations on De- 
signing Artificers' Works. 

Preliminary Observations on Mea- 
surement, Valuation, &c. — On mea- 
suring — On rotation therein — On 
abstracting quantities — On valuation 
— On the use of constants of labour. 

BRICKLAYER AND SLATER. 

Design of Brickwork — technical 
terms, &c. 

Foundations — Arches, inverted 
and erect — Window and other aper- 
ture heads — ^Window jambs — Plates 
and internal cornices — String- 
courses — External cornices — Chim- 
ney shafts — On general improvement 
of brick architecture, especially fe- 
nestration. 

Measurement. 

Of diggers' work — Of brickwork, 
of facings, &c. 

Design of Tiling, and technicalterms. 
Measurement of Tiling — Example 
of the mode of keeping the measuring, 
book for brickwork. 



Abstracting Bricklayers' and Tilers' 
work. 

Example of bill of Bricklayers' and 
Tilers' work. 

Valuation of Bricklayers' work, 
Earthwork, Concrete, &c. 

Table of sizes and weights of vari- 
ous articles — Tables of the numbers 
of bricks or tiles in various works — 
Valuation of Diggers' and Bricklayers' 
labour — Table of Constants for said 
labour. 

Examples of Valuing. 

1. A yard of concrete. — 2. A rod 
of brickwork. — 3. Afoot of facing. — 
4. A yard of paving. — 5. A square of 
tiling. 

Design, Measurement, and Valu- 
ation of Slating. 

CARPENTER AND JOINER. 

Design of Carpentry — technical 
terms, &c. 

Brestsummers, an abuse: sr.bsti- 
tutes for them — Joists, trimmers* 
trimming-joists — Girders, their abui 
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and right use — Substitutes for girders 
and quarter-partitions — Quarter-par- 
titions — Roof-framing — Great waste 
in present common modes of roof- 
framing — To determine the right 
mode of subdividing the weight, and 
the right numbers of bearers for 
leaded roofs — The same for other 
roofs — Principle of the truss — Con- 
siderations that determine its right 
pitch — Internal filling or tracery of 
trusses — Collar-beam trusses — Con- 
nection of the parts of trusses*— Vari- 
ations on the truss; right limits 
thereto — ^To avoid fallacious trussing 
and roof-framing — Delorme's roof- 
ing ; its economy on circular plans — 
Useful property of regular polygonal 
plans — On combinations of roofing, 
hips, and valleys — On gutters, their 
use and abuse — Mansarde or curb- 
roofs. 

Design of Joinery — ^technical terms, 
&c. 

Modes of finishing and decorating 
panel-work — ^Design of doors. 

Measurement of Carpenters' and 
Joiners' work — Abbreviations. 

Modes of measuring Carpenters' 
work — Classification of labour when 
measured vrith the timber — Classifi- 
cation of labour and nails when mea- 
sured separately from the timber. 

Examples of Measurement, arch 
centerings. 

Bracketing to sham entablatures, 
gutters, sound - boarding, chimney- 
grounds, sham plinths, sham pilas- 
ters, floor-boarding, mouldings — 
Doorcases, doors, doorway linings — 
Dado or surbase, its best construc- 
tion — Sashes and sash-frames (ex- 
amples of measurement) — Shutters, 
boxings, and other vrindow fittings 
— Staircases and their fittings. 

Abstracting Carpenters' and Joiners' 
work. 

Example of Bill of Carpenters' and 
Joiners* work. 

Valuation of Carpenters' and Joiners' 
work, Memoranda. 

Tables of numbers and weights. 

Tables of Constants of Labour. 
BoofSy naked floors — Quarter-par- 



titions — Labour on fir, per foot cube 
— ^Example of the valuation of deals 
or battens — Constants of labour on 
deals, per foot superfidaL 

Constants of Labour, and of nails, 
separately. 

On battening, weather boarding-— 
Rough boarding, deal floors, batten 
floors. 

Labour and Nails together. 

On grounds, skirtings, gutten^ 
doorway-linings — Doors, framed par- 
titions, mouldmgs — Window-fittings 
— Shutters, sashes and frames, stair- 
cases'—Staircase fittings, wall-strings 
— Daidos,sham columns and pilasten* 

Valuation of Sawyers' work. 

MASON. 
Design of Stonemasons' work. 

Dr. Robison on Greek and Gothic 
Architecture — Great fallacy in the 
Gothic ornamentation, which led also 
to the modem * monkey styles' — 
* Restoration ' and Preservation. 
Measurement of Stonemason's work. 

Example of measuring a spandril 
step, three methods — Allowance for 
labour not seen in finished stone — 
Abbreviations — Specimen of the 
measuring-book — Stairs — Landings 
—Steps — Coping — String-courses — 
Plinths, window-sills, curbs — Co- 
lumns, entablatures, blockings — 
Cornices, renaissance niches. 
Abstracting and Valuation. 

Table of weight of stone — Table 
of Constants of Labour — Example 
of Bill of Masons' work. 

PLASTERER. 

Design of Plaster-work in real 
and mock Architecture. 

Ceilings and their uses — Unne- 
cessary disease and death traced to 
their misconstruction — Sanitary re- 
quirements for a right ceiling — Con- 
ditions to be observed to render do- 
mestic ceilings innoxious — Ditto, for 
ceilings of public buildings — Bar- 
barous shifts necessitated by wrong 
ceiling — Technical terms in Plas- 
terers' work. 

Measurement of Plaster-work. 
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Abbreyiatioss — Abstracting of 
Plastereri' work — Example of Bill 
of Plasterers' work. 
Valuation. 

Memoranda of quantities of ma- 
terials *- Constants of Labour. 

SMITH AND FOUNDER. 
On thb Uss of Metal-work in 
akchitbctt7rb. 

Iron not rightly to be used much 
more now than in the middle ages — 
Substitutes for the present extrava- 
gant use of iron — Fire-proof (and 
sanitary) ceiling and flooring — Fire- 
proof roof-framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another Tariation 
thereof — On the decoration of me- 
tallic architecture. 



Mbasurbmbnt of Smiths' and Foun- 
ders* work. 

PLUMBER, PAINTER, 
GLAZIER, &c. 
Design, &c. of Lead-work. 
Measurement of Paint-work — * 
Abbreviations. 

Specimen of the measuring-book 
— Abstract of Paint-work — Example 
of Bill of Paint-work. 
Valuation of Paint-work. 

Constants of Labour — Measure- 
ment and Valuation of Glazing — 
Measurement and Valuation of 
Paper-hanging. 

APPENDIX ON WARMING. 
Modifications of sanitary construction 
to suit the English open fire-— 
More economic modes of warming io 
public buildings — Ditto, for private 
ones — Warming by gat. 



In 12mo., price 5«. bound andiettered, 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION. AND THE SCIENTIFIC 

GENTLEMAN'S PRACTICAL ASSISTANT; 

ComprisiDg a great variety of the most useful Rules in Mechanical 
Science, divested of mathematical complexity; with numerous 
Tables of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR OF 8BVKKAL SCIENTIFIC WORKS. 

Third edition, with the addition of Mechanical Tables for the use 
of Operative Smiths, Millwrights, and Engineers; and practical 
directions for the Smelting of Metallic Ores. 



2 vols. 4to, price £ 2. ISt., 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work suitable to Carpenters and Builders, 
comprising Elementiury and Practical Carpentry, useful to Artificen 
in the Colonies. * 
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THE AIDE-MEMOIRE TO THE MILITARY 
SCIENCES, 

Framed from Contributions of Officers of the different Services, and 
edited by a Committee of the Corps of Royal Engineers. The 
work is now completed. 

Sold in 3 vols. £ 4. lOt., extra cloth boards and lettered, or in 6 Parts, as follows t 

^, «. d, 

A. to D., NEW EDITION . . . 14 

D. to F 16 

F. to M. 



Part I. 

II. 

III. 

IV. 

V. 

VI. 



M.toP. 
P. toR. 
R.toZ. 



16 
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In 1 large Volume, with numerous Tables, Engravings, and Cuts, 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and Private Gentlemen, 
generally, in connection with Valuing, Surveying, Building, 
Letting and Leasing, Setting out, disposing, and particularly 
describing all kinds of Property, whether it be Land or Personal 
Property. Useful to 
Auctioneers Assurance Companies Landed Proprietors 

Appraisers Builders Stewards 

Agriculturists Civil Engineers Surveyors 

Architects Estate Agents Valuers, &c. 



In 1 vol. large 8vo, with 13 Plates, price One Guinea, in half-morocco binding, 

MATHEMATICS FOR PRACTICAL MEN: 

Being a Common-Place Book of PURE AND MIXED MATHE- 
MATICS ; together with the Elementary Principles of Engineering; 
designed chiefly for the use of Civil Engineers, Architects, and 
Surveyors. 

BY OLINTHUS GREGORY, LL.D., F.R.A.S. 
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